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Recommendations for-Managemeht of
~ Donors at Increased Risk for

Hilman Immunodeﬁc1ency Virus Type 1
(HIV-1) Group O Infection

This guidance is for immediate implementation.”

~ FDA is-issuing this guidance for immediate implementation in accordance with 21 CFR

- 10.115(g)(4) (). Submit written comments on this guidance at any time to the Division of

. Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers Lane, Rm. 1061,

" Rockville, MD 20852. Submit electronic comments to http: /f‘www reoulatlons gov, You should '
‘ 1dentlfy all comments with the title of this guidance.

)

~

B} Addmonal copies of this gu1dance- are avaﬂable from the Office of Communication, Outreach
and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852~
* 1448, or by calling 1- 800—835 4709 or 301-827- 1800 or emall ocodi@fda hhs gov, or from the
'Internet at

" hitp:/iwww.fda.ocov/B 101001csBIOodVacc1ne%/GuldanceComphanceReﬂulaion Informahon/(‘mda
nces/defanlihim.

" For guestions on the content of this guidance, contact OCOD at the phone numbers listed above.

‘U.S. Department of Health and Human Services
Food and Drug Administration

Center for Bwloglcs Evaluation and Research

- : August 2009
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Guidance for Industry

Recommendations-for Management of Donors at Increased Rlsk for .
Human Immunodeficiency Virus Type 1 (HIV-I) Group O Infectlon

This guidance represents the Food and Drug Administration’s (FDA’s) current tkinkirig on this
topic. It does not create or confer any rights for or on any person and does not operateto bind |
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want fo discuss an alternative

_approach, contact the appropriate FDA staff. If you cannot identify the approprzate FDA staff;
call the appropriate number listed on the title page of this- gwdance

" I. © INTRODUCTION

* "We, the Food and Drug Administration (FDA), are providing you, blood and plasma

" establishments, with a revised list of countries that should be included in questions for
-identifying donors at increased risk for HIV-1 group O infection. We are also providing you
with recommendations for discontinuing the use of some questlons used to identify these donors.
and for mariagement of donors previously deferred.

This guidance supersedes the memorandum entitled “Interim Recommendations for Deferral of

" Donors. at Increased Risk for HIV-1 Group. O Infection,” dated December 11, 1996 (Ref, 1).

_ That memorandum contained interim measures to reduce the risk of HIV-1 group O transmlssmn_
by blood and blood prodiicts pendlng licensure of test kits specifically labeled for detection of .
antibodies to HIV-1 group O viruses. Now that an FDA-licensed test for detection of antibodies -
- to HIV 1 group O viruses is available, those interim recommendatlons are no longer current. o

FDA’s guldance documents mcludmg this guidance, do not establish Iegally enforceable

_responsibilities, Instead, guidances describe the FDA’s current thinking on a topic and should be -

..viewed only.as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s gu1dances means that something is suggested or

- recommended, but not requlred :

II. - BACKGROUND

The first report confirming the idéntification of HIV-1 grouf)' O in patients from Central and
" West Africa was published in 1994 (Ref. 2). That same year, the Centers for Disease Control
~and Prevention (CDC) reported findings of a study indicating that several FDA:licensed HIV
. antibody screening tests were unable to detect one or two of eight group O sera (Ref. 3). Tests
- based on recombinant antigens and synthetic peptide. antlgens failed to detect at least one
. spec1men whereas three of the ﬁve tests based on whole virus lysate antigens detected all
. spec1mens :
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In June 1994, in response to the inability of some FDA-licensed HIV antibody assays to detect
HIV-1 group O sera, FDA Blood Products Advisory Committee (BPAC) recommended that
manufacturers modify their test kits to include detection'of HIV-1 group O in clinical specimens,

" Since then, we have requested manufacturers of HIV-1 assays to include group O specific _
antigens or sequences in their test kits to detect antibodies to HIV-1 group O or HIV-1 group O
nucleic acid. - We also requested that manufacturers test HIV-1 group O specimens in their -
clinical trials to obtain a specific claim of sensitivity for group O for their test. These requests
were initially conveyed to manufacturers as letters to their Investigational New Drug .
Applications (INDs) and Product License Apphcatlons (PLAs), currently referred to as Biologics
" License Applications (BLAs).

In 1996, FDA issued the memorandum “Interim Recommendations for Deferral of Donors at
Increased Risk for HIV-1 Group O Infection,” to reduce the risk of HIV-1 group O transmission
through blood and blood products. In that memorandum we tecommended the inclusion of

. questions related to HIV-1 group O risk in the donor history questionnaire pendmg the licensure
of test kits 3pec1ﬁcally labeled for detection of antibodies to HIV-1 group O viruses. These
direct questions inquire as to whether the donor was born or resides in spec1ﬁc West and Central
African countries where HIV-1 group O is prevalent, or had a history of travel to these countries,
a history of blood transfusion or medical treatment since 1977 in these countries, or sexual
contact since 1977 with anyone who was born or lived in these countries. We also recommended
in the 1996 memorandum that donors who gave an affirmative response to one or more of the
-questions in the donor history questionnaire related to HIV-1 group O risk be indefinitely
deferred pending licensure of test kits specifically labeled for detection of HIV-1 group O.

. Since the identification of the first two HIV-1 group O cases in the United Statés (U.S.) around
1996 (Refs. 4, 5) there have been no additional group O cases that have been conclusively -
1dent1ﬁed in the U.S. HIV-I group O mfectmn in the U.S. contmues to be extremely rare.

In August 2003 FDA approved the blOIOglCS hcense apphcatlon for the ﬁrst donor screening test

specifically labeled as sensitive for detection of antibodies to HIV-1 group O, the Genetic

. Systems™ HIV-1/HIV-2 Plus O EIA. Blood and plasma establishments, manufacturers and
testing laboratories that are 1mplementmg a hccnsed test that is sensitive for HIV-1 group O -

. antibody detection may use this test to screen blood and plasma donations for antibodies to HIV-
1 and HIV-2, including HIV-1 group O. Other assays for HIV-1 group O detection are under
development and if approved by FDA, may be used when avaﬂable for screening blood and
plasma dorations. :

The list of countries included in the interim recommendations in the 1996 memorandum included
“Cameroon 2nd countries adjacent to Cameroon {(Central African Republic, Chad, Congo,
Equatorial Guinea, Gabon, Niger, and Nigeria). However, subsequent reports ihdicated the
presence of HIV-1 group O in countries in Africa that are niot adjacent to Cameroon, including’
Senegal, Togo, Zambia, Benin, and Kenya (Refs. 6-8). In addition, the country formerly named
Zaire, recently renamed Democratic Republic of Congo, has not identified any cases of HIV-1
group O 1nfect10ns thus far, but the name of the country might be conﬁlsed w1th the country of
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| Congo where HIV-1 group O has been identified. Asa result, we recommend revisions to the
list of countries of origin or residence where HIV-1 group O is endemic that is used to identify
potential donors who are at increased risk of group O infection (see Figure 1 and Table 1).

With the availability of a licensed donor screening test that is sensitive for antibodies to HIV-1
group O, donots who were previously deferred may be eligible for reentry after a waiting period

-of one year and may be reentered if a current donation from the donor i is found to be non-reactive

usmg a group O sensitive anti-HIV-1/2 test.

111

RECOMMENDATIONS

A. Revised Questmns to Identlfy Donors at Increased Risk of HIV- 1 Group O

Infectlon

We recommend that the followmg questions be 1nc1uded in the direct questions on high
risk behavior in the donor history questionnaire’ to' exclude donors who are at increased
risk for HIV-1 group O infection:

1. Were you born in or have you lived in any of the following countries since
1977: Cameroon, Benin, Central African Republic, Chad, Congo, Equatorial
Guirnea, »Kgnya, Gabon, Niger, Nigeria, Senegal, Togo, or Zambia? If so, when?

: 2. Ifyou have traveled to any of those countries since 1977, did you receivea
blood transfusion or any medical treatment with'a product made from blood? If
so, when? : :

. 3. Have you had sexual contact with anyone who was born in or lived in these
" countries-since 19777 If so, when? :

"We recommend that you defer indefinitely a potential donor who gives an affirmative

answer to any of these questions. Donors deferred on this basis (or previously deferred -

consistent with FDA’s 1996 memorandum on “Interim Recommendations for Deferral of

Donors at Increased Risk for HIV-1 Group O Infecuon“) may be considered for reentry
one year after their last potentlal exposure to HIV-1 Group O as determined by their

-responses to the above donor questlons in accordance w1th the recommendauons below

in {I1.C.
B. Disconfinuation of the Questions that Address HIV-1 Group O Risk

If you implement a licensed anti-HIV-1/2 test for donor screening that is specifically

Jabeled in the “Intended Use” section of the package insert as sensitive for detection of .

HIV-1 group O antibodies, you may discontinue use of the questions in section ITL. A.

E Estabhshments that have implemented the AABB (formerly known as the American Association of Blood Banks)
full~1ength donor history queshonnazre (DHQ) and accompanying materials should question denors concerning - -
- possible exposure to HIV-1 group O virus using the capture question approach developed for this protocol.
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-that addfess HIV-1 group O risk. If you hold a biologics license, you must report this.
minor change in an annual report (section 601.12(d) of Title 21 Code of Federal
Regulations (21 CFR 601.12(d)). . " : : :

" FDA recognizes that by implementing these measures, the safety benefit of the deferral
due to potential group O risk is ’being' replaced by the greater safety benefit of the group
O sensitive test in a setting of low overall risk to blood safety. We believe these
measures are warranfed given the rarity of Group O infections iri the U.S. as indicated by
CDC data (Refs. 4, 5). The risk for individuals to acquire HIV-1 group O by sexual
exposures in the U.S. appears to be remote given the rarity of HIV-1-group-O in this

. country. _ ' : . -

C. - Reeﬁtry of Donors Deferred on the Basis of a R'e‘sponse to HIV-1 Group O
Risk Question(s) ' I '

A donor who was deferred because of a previous or current affirmative response to one or:
niore of the questions in the donor history questionnaire related to HIV-1 group O risk
* may be eligible for reentry after a waiting period of at least one year following the date of
the donor’s last potential exposure to HIV-1 group O. The donor may be reentered if:

1. a current donation from the donor is'tested and found non-reactive using an
anti-HIV-1/2 screening test that is specifically labeled in the “Intended Use™

- section of the package insert as seisitive for detection of HIV-1 group O
antibodies, and ' o -

2. the donor meets al] other donor'g]igibility criteria®.

? Since individuals who travel to an area i:onsidcred endemic for malaria by the Malaria Branch, CDC, are deferred
from donating Whole Blood and blood components for one year following their departure from the endemic area,
..and since the areas considered endemic for malaria include the countries in which HIV-1 group O has been
identified, the current deferral for donors potentially exposed to malaria includes donors potentially exposed to HIV-
1 group O while in Affica, ' oL _ :
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. Table 1. Current and Previous List of Countries with HIV-1 Group ORisk

'Current List of Countries

Previous List of Countries

Cameroon : Cameroon

Central African Republic Central African Republic -

Chad Chad .

Congo Congo

Equatorial Guinea Equatorial Guinea . S

Gabon ~Gabon T
~ Niger | Niger : :
 Nigeria Nigeria

Senegal
"~ Togo

-Zambia

Benin

Kenya

6‘
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Tick-borne

Encephalitis

from Eating Goat:
Cheese in a

Mountain Region
~of Austria

Heidemarie Holzmann, Stephan W. Aberle,
Karin Stiasny, Philipp Werner, Andreas Mischak,
‘Bernhard Zainer, Markus Netzer, Stefan Koppt
Elmar Bechiter, and Franz X. Heinz

. We report transmisstcm of uck borne encephalms vcrus
- (TBEV) in July, 2008 through nonpasteurized goat milk to 6

* humans and 4 domestic pigs in an alpine pasture ‘l 500 m .

above sea level. This outbreak indicates the emergence of

ticks and TBEV at increasing alfitudes in central Europe and _

. the effi aency of oral transmission of TBEV

' T:ck-—bomc encephallus virus (TBEV) is a, human_:

pathogenic flayivirus that i is endemic 4o many Euro-
pean countries and to parts of cemral and eastern Asia (7).

- Even though vaccination” can effccuveiy prevent TBE (2),.

>10,000 cases -are reported annually for hospltahzed per-

- sons in-areas of Europe and Asia to which TBE is, endemic :

~TBEV occurs in natiral foci characterized by ecologlc hab-
" itats fa\{orable.for ticks, espec:ally in wooded areas. wnhm
the 7°C isotherm (3). The major route of virus transrission
- is tick bltes ‘but TBEV #lso can be transmitted during con-
" sumption of nonpaslcunzed miilk and milk products from

" infécted ammals pnmanly goats (3) ‘Qutbreaks resulting .

index caée-ocqurred. ina 43-year-old shepherd who had

stayed for 24 days at his alpine pasture (1,564 m above sea

level) before he was hospitalized for nonbacterial urethritis -
and nonspecific influenza-like symptoms (including pain in
the lower abdomen and- ]ég_s), followed by clinical signs
of meningitis. TBEV infection was confirmed serologically
by ELISA demonstration of specific immunoglobulin (Ig)

M and IgG in serom and cei'ebrospinal fluid. The patient

did not remember a tick bite but had eaten self-made cheese
prepared from a mixture of nonpasteurized goat mitk and
cow milk 8-11 days before illness onset; further investiga-

* tion found 6 additional persons who had eaten the same
* cheese (Figure). For 5 of them, recent TBEV infection was
serologically proven (Table). For 3 of these persons (2 men,
-44 and 65 years of age; and | woman, 60 years of age),

similar to the index patient, a typical biphasic course-and .-
symptoms of TBE (nonspemﬁc flu-like symptoms followed . %,

- by fever, cephalea, meningism, and ataxia after 4-10 days)

developed and they were hospltahzed The 2 other persons
who had. eaten the cheese (female, 37 and 7 years of age)’
were clmlcally asymptomatlc The noninfected person had -

vomited shortly after eating the cheese becduse of a gastric .

_ banding. None of the mfected persons had ‘been vaccmated' ‘ .

apainst TBEV.

The cheese was preparcd from a mixture of fresh mllk L
-from 1 goat and 3 cowsand was eaten shortly after produc-" -
tion. Detection of TBEV—specxﬁc hemagglutmatlon inhib-"

iting (HI) and nieutralizing antibodies in the ‘goatl’s serum. o

. proved infection in the goat; the 3 cows ‘were seronega-.-‘:_'
tive for TBEV. At the time of this mvestlgatlon (1 month .
. after cheese production), TBEV-was already undetectable

by PCR. in serum and milk of the goat. Cheese from the 3 .
batches produced after the comammatcd batch was TBEV -
négative by PCR. The orlgmal checse was no. longer avail- -

able for testing.

. from oral virus transmission ‘are fare in central Europe but

" more cohmon in, eastern Europe.and the Baltic-states (3.

: Our investigation of TBEV transmitted by milk from a goat
.in an a]plne pasture in 2 mountainous reglon provxdcs evi-

dence for a changing TBEV- -epidemiology in central Europe |
- and the expansmn of ticks-and TBEV fo- hlghcr reglons

. The Study
T We mvesugated aTBE outbreak compnsmg 6 cases,

- in 2 mountain region in _wcstem Austria in July 2008. The _

Author afﬁ!iatiqn's: Mediéal University of Vienna, Vienna, Austriz (H, :
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_DISPATCHES

" Table. Infection parameters of 7 persons exposed to TBEV by eatmg nonpasteunzed goat cheese, Austﬂa 2008" -

Virologic parameters TBEV:

Sex/ Incubation, . Hospita_lized, TBEVEUSA TBEV ipfection
‘age,y . - d - Symptoms/signs Diagnosis d . Material  IgM 19G NT confirmed
M43 i Fever, cephalea, meningism, ME- i8 Serum Pos © Pos Pos " Yes
aseptic urethritis; CSF: : CSF Bor Pos ' )
pleocytasis ) L
M/65 10 Fever, cephalea, meningism, ME n Serum Pos Pos Pos Yes
vertigo, cerebeliar ataxia; CSF: . . CSF’ Bor Bor .
- pleocytasis 2 - . .
Ff60 14 . Fever, cephalea, meningism, ME 25 Serum  Pos- "Pos - Pos Yes -
. : : vertigo, cerebellar ataxia; CSF: - : CSE Pos . Pos : "
. pleocytasis- ' . - : -
Mi44 E:] ' Fever, cephalea, meningism, . ME - 9 .. Serum _Pos Pos Pos Yes
vertigo, cerebellar ataxia; CSF: R o Pes Bor -
pleacytosis c N : -
F/37 - "NA _.None NA 0 - Serum  Pos  Pos  Pos Yes ..
F7 . . NA None . CNA 0 Serum  Pos- Pos - Pos " Yes
F145 ¢ -NA None NA- 0 Serum Neg Neg Neg No

bor. bnrdedlne NA. nothi’cab!e nl ineLve

’ - "IBEV, uck-bome encephalilis virus; NT, neutralization test; CSF oerebrosplnal ﬂUId Ig. |mmunoglobulln ME, meningicencephalitis; pes, posmve

'l'he 4 domesnc pigs kept at the alpme pasture and fed .

" with the whey and-goat milk, however, were seropasitive -

- {TBEV HI- and 'neutralizing antibodies detected), which
indicated TBEV infection; but ho clinicat signs were. ob~_

" served. Infection with TBEV has been reported-in wild

boars (4,5). Serum samples from 105 goats from, pastures"
in the neighboerhood also were invéstigated for TBEV—spe—
c:ﬁc ant;bodleS' all goats were seroneoanve :

s

Conclusmns

.

- Quir analyses showed that the 6 humans and th&4 pigs
’ were infected through the milk of 1 goat, whlch had been
:transponed by car from a- TBE—nonendemlc valley to the
" ‘alp 12 days before production of the TBEV—contammated .
- cheese. Experiments have demonstrated that infected do-
‘. rhestic ammals (i.e., goats; sheep, and cows) can excrcte.
L “TBEV' into milk-for ~3-—7 days, beginning. as early as the -
~.second or third day postmfectmn (6-9).In addition,” al- -
. though cheese was produced once or twice each week, only"
. this=1-kg batch of cheese transmltted TBEV. Therefore,
.all'the evndencc indicates that the goat was infected at the
. alpme pasture at an-altitude of 1,564 m. Indeed, some ticks
-were_collected from cows that had stayed at this alutude_

- during the entire simmer. Analyses of these ticks for 'I'BEV

: '-by PCR, however; yielded only ncgat:ve results.

* "Our findings provide. further evidence for the expan-

sion of TBEV-endemic regions to higher altitudes in cen-
tral Europe. For example, longitudinal studies in the Czech -
. Repubhc, a country with similaf"climatic and ecologic con-
* .. ditions to those of Austria; showed,a shift in Jxodes-ricinus |
B tlcks and TBEV, from 700'm in 1981-1983 to 1,100 m: als .

- titude in 2001—-2005 (10,11). L1kew15e Zeman and’ Bened

© 82

'Qi_demonstrated that the maxiim altitude ‘at which TBEV 5
“ IS found in the Czech Repubhc gradaally moved upward_

S

S

during' 1970—200{} corr'esponding to the. rise in temp;er'a- ;
-ture during the same period (2. In Scandinavia, a north~

ward extension of the geographi¢ range.of /., ricinus ticks . :
an_d TBEV since the mid-1980s has also been recognized . ..

(1,13-15). Climatic changes most likely are the major driv-

irig forces for the geographlc changes in the dlStI'lb'utIOn of L -

TBEV dnd its main vector, [ ricinus, in Europe

- This report also emphasizes- the' efficiency of oril -
Aransmission of TBEV to ‘humans-and to pigs. Six of the 7
. persons who ate the cheese and all 4 pigs fed residual milk
or whey from the same cheese became, mfected Given the -
em:el]ent effecnveness of the TBE vaccme 2), Vaccination .,
pmbably could have prevemed all 6 human cases.
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E f e s X . .. During investigations into the outbreak of encephalitis in 1996 in the Kerala state in Indiz; an

’ arbovirus was isolated from a Culex tritaeniorhynchus mosquito pool. It was characterized as-a
'Japanese encephalitis and Wes! Nile virus cross-reactive’ arbovinus by complement fixation test. A
plaque reductlon—neu!rallzailon test was performed using hypenmmune sera raised against the.
plaque- punf' ed arbovirus isolate. The sera did not show reactivity with Japanese ‘encephalitis virus
and were weakly reactive with West Nile virus. Complete open reading frame sequence analysis
characterized the arbovirus as Bagaza virus (BAGV), with 94,80 % nucleotide identity with Afican -

_ BAGYV strain DakAr B209. Sera collected from the encephalitic patients.during the acute phase of

Received 1 April 2009
_-Accepted 30 June 2009

o ilinés's showed 15 % (8/53) posiiivity for anti-BAGV neutralizing antibodies. This‘is the first report
of the isolation of BAGV from India. The presence of anti-BAGV neulrahzmg antibodies suggests '
that the human populatlon has been exposed 1o BAGV. :

:'’An outbreak of Japanese encephalitis -(JE) was reported
from - the Allapuzza, Thiruvanthapuram and Kottayam
districts of Kerala state, India, during 1996. Only 33 % (50/

_150) of ihe sera collected from hospltahzed cases were

" confirmed ‘as JE by immunoglobulin M (IgM) ELISA.-
... ®Other’ clinical specimens were not available: for further . .

g ““invéstigations. Entomologxcal investigations during the

" - outbreak were carried .out and 184 mosquito pools
collected - from .the affected area were processed for -

isolation in 2-day-oId Swiss mice by the intra-cranial route
(Rodngues et al., 1980; George et al., 1984), One pool from
< Culex: tritaeniorhynchus showed sickness in inoculated
micé. Brains from sick mice were harvested and suspended
in 10% bovalbumin phosphate saline. The suspensions
were_stored at —70 °C and designated as the arbovirus
isolate (96363).. The isolate showed cross-reactivity with
anti-JE virus (JEV) and anti-West Nile virus {WNV)

immune sera in a complement fixation (CF) test (Pavri & .

'Ghosh 1969 Rodrigues et al., 1980; Damle et al, 1998)

. The GenBank/EMBL/DDBJ accession. number of the Indian Bagaza
virus isolate sequenced in this paper'is EUBB49T2. '

A supplementary . figure showing the phylogenetic analy5|s of BAGV '_

based on nucleocapsid, membrane, non-structural (NS) 1, NS2,.NS3,

o NS4 and NS5 gene sequences is avaitable with the online version of thls

paper

The isolaté ‘did not react with immurie sera raised against -
other circulating arboviruses, . including Chandipura
(Rhabdoviridae), Sindbis - (Togavitidae), Chikungunya .
{Togaviridae), Kyasanur forest disease (Flaviviridae), Batai
(Bunyaviridae) and Dengue (Flaviviridae) viruses (Paul et -
al, 1970; Rodrigues et al, 1980; George et al, 1984)

In this study; we present the genetic characterization of the
arbovirus isolate and serological- analysm of availablé sera

- collected from encephalitis patients during .1996. The

Institutional Animal Ethiéal Committee approved: this
work and ethical guidelines were strictly. followed accord-
ing to’ their recommendations. The arbovirus isolate was
plaque-purified to rule out the possibility of isolation of ~
both JEV and WNV from the mosquito pool. The mouse
brain stock: of the arbovirus isolate was passaged twice in
porcine stable kidney (PS) cells to amplify the virus, A
smgle plaque was selected from the first PS cell passage and

_ then subjected to two. sequential rounds of plaque

purification (total of three plaque-to-plaque’, transfers),
followed - by amplification in PS cells. The cell culture

. Supernatant from PS cells was dlarified by centrifugation at

3220 g for 10 min at.4 °C,. supplemented with 20% fetal
bovine serum (FBS) and the aliquots were stored at 80 *C
and deagnated as the arbovirus stocks. Generation- of the .
arbovirus ‘virus-specific polyclonal hyperimmune sera,

-
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Genomic characterization of BAGV isolated in India

plaque reduction neutralization test (PRNT) and genetic
characterization studies were performed using the PS-
- amplified arbovirus stocks. Since the CF test characterized

the isolate as a JEV and WNV cross-reactive arbovirus,

PRNTs were performed to determine the antigenic
- relationship among these viruses. An in vitro neutralization
test was carried out using PS-adapted JEV (strain 733913),
WNV (strain 804994} and the arbovirus isolate (strain
96363), as described previously (Bondre et al., 2007). The
. threefold-diluted hyperimmune sera were mixed with 100
p-f. of each virus and the infectivity was determined in PS
cells. The serum dilution showing 80% plaque reduction
(NDy,) was considered as a neutralizing end point. As
shown in Table 1, the highest neutralizing activity was

observed with hemologous sera. In hetérologous neutral-
- ization between the arbovirus isolate and WNV, both

viruses showed cross-reactivity with each other, although

this was weaker than the homologous neutralization. The

JEV-specific hyperimmune sera.did nof neutralize' the
arbovirus isolate, even at a dilution-of 1:5.

As the CF test characterized the 96363 isolate as a JEV- and
WNV.-reactive arbovirns and the' heterologous neutraliza-
tion showed that it had weak reactivity with WNV, we
genetically characterized the. isolate. A 1050 nt fragment

from' the NS5 region of the sample was amplified by RT-

" PCR using flavivirus-specific universal primers that amplify
the partial NS5 fragment from a number of flaviviruses

previously (Bondre et_al., 2007). PCR products were
column-purified (QIAquick PCR purification kit; Qiagen)
and both strands were sequenced by using a Big' Dye

“Terminator cycle sequencing ready reaction kit (Applied

Biosystems) and an automated Sequencer (ABI Prism 310
Genetic Analyzer). A 10281 nt genomic sequence of BAGV-
India (GenBank accession no. EU684972) coding a 3426 aa

complete open reading frame (ORF) was obtained. Multiple

alignments of nucleotide sequences were carried out by
using cLusTal_x 1.83. The phylogenetic analysis of the
complete genome sequence of BAGV-India was assessed by
using MEGA (Tamura et al, 2007). For analysis-in MEGa,
Jukes-Cantor and nucleotide maximum’ camiposite like- )

‘lihood models were utilized, employing the neighbour-

joining algorithm. The topologies generated in the neigh-
bour-joining algoxithm were confirmed by using the
maximum-likelihood method, as implemented in the

. software Treefinder 2008, with the gammia-distributed rateg.s,

variation with four rate categories (HKY +y4) .model oﬁ
nucleotide substitidtion (Jobb et al, 2004). The reliability of

: "diﬁ’e_rent phylogenetic groupings was evaluated by using the

bootstrap test (1000 bootstrap replications). The genetic .
distance between different viruses was obtained by using the
P-distance model in MfGa. Phylogenetic trees were con-
structed by using the complete genomic sequence of the.

- Indian BAGV isolate (this study} and complete genomic

(Kuno, 1998). The genomic. RNA' of plaque-purified

arbovirus grown in PS cells was isolated using QlAamp -

viral RNA kit (Qiagen) according to the manufactorer’s
protocol. The RT-PCR amplification was carried out as

described by Kuno et al.-(1998). anid the amphﬁed product

was sequenced as described’ previously (Bondre et al.; 2007)..

- . BLAST analysis showed 99.90 % nucleotide identity (PNI)
~ with African - Bagaza vitus {(BAGV) strain. DakAr B209,

followed by 95 PNI with Israel turkey menmgoencephahtls
* virus {(ITMV). RT-PCR amplification and complete genome
" sequencing of BAGV-India was achieved by using overlap-

ping primers designed by aligning available flavivirus

sequences from GenBank with cuustar'x 1.83 software

(Thompson et al, 1997). RT-PCR amplification of overlap- .
‘ping gefiomic fragments was carried out as descnbed'

. Table 1. Homologbus and heterologous cross-neutralization
test using hyperimmune sera against JEV, WNV and -arbovirus
(BAGV) isolates |

Serum giving 80% plaque reduction was considered to be at the
. neuiralizing end point. NDgq values are given.

- Virus strain Hyperimmune sera a'gainsl: :
JEV (733913) WNV (804994) BAGY (96363)
EV s;m -5 ey
WNV - <5 - T239 31
BAGV <5 21 67 -

sequences (from GenBank) of representative strains from

different genomic groups in- the  Flaviviridae. Slmllarly, _

phylogenetic analysis™ of genomic fragments encoding -
different proteins ~— nucleocapsid,* pre-membrane "and
membrane, envelope and non-structural (NS) proteins 1-5

— was cartied out to understand the relationship between . - '
_ African and Indian BAGV isolates and other flaviviruses.

ES
W

Comparative analysis of both the Indian -and African -
(AY632545) BAGV complete ORF coding nucleotide °

" sequences showed 94.8 (PNI). The difference of 515 nt
© {5.2%) resulted in 77 aa (2.24 %) differences” throughout.

the ORF of Indian and African. (DakAr B209) BAGVE
isolates (Kuno & Chang, 2007). A difference of 20 aa was
documented in the structural protein coding region (14 nt
in the nucleocapsid with 2 aa differences, 40 nt in the
membrane with 13 aa and 73 nt in the envelope with 5 aa}, :
while 2 difference of 57 aa was documented in the NS
protein coding region (71 nt in the NSI region with 8 aa
differences, 50 nt in the' NS2 region with 7 aa, 95 nt inthe
NS3 region with 9 aa, 48 nt in the NS4 region with 19'aa~

-~ and 119 nt in the NS5 region with 14 aa). Additionally,

compared with BAGV-Dakar B209, one deletion (at nt A

" 7424) and four additions (nt 7438-7439, 7444 and 7463)

were documented in the NS4B région of BAGV-India.

Phylogenetic analysis using t}ie'complete sequence of the-

Indian BAGV ORF showed that this sequence had-a dlose

._ genetic relationship with, the African -BAGV-DakAr B20%

strain and clustered together with the Cidex mosquito-

. transmitted clade on the pliylogram (Fig. 1). Similar tree

topologies were obtained with both models (Jukes—Cantor "

and maximurm compos:te hkehhood) that were used to.

* hitp/ vir.sgmjoumals.org
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- AF0B0251-Japanese encephalilis virus
AF161266-Murray Valley encephalitis virus
DQ211652-West Nile virus
D00246-Kunjin virus- '

NC_007580-St. Louis encephalitis virus
100 |——AY632545 Bagaza virus - DakAr B209 - Afnca

100 l::

L EU6849?2—Bagaza virus - India
AY632542-Rocio virus
AY632539-liheus virus

NC_009029-Kokobera virus

AY632536-Bussuquara virus

— AY632535-Zika virus

AY762085-Dengue 4 virus

AF20849%-Dengue 2 virus
AB189120-Dengue 1 virus
AY766104-Dengue 3 virus

AY632537-Entebbe bat virus

— U54798-Yellow fever virus

AY632543-Sepik virus ,
NC_003675-Rio Bravo virus -

100

NC__00363_5—Modoc virus

NC_003676-Apoi virus

NC_006947-Karshi virus

L06436-Powassan virus .
AY323490-Kyasanur Iorest disease vlrus

- AY438626-Omsk hemorrhagic fever virus
NC_001809-Louping iHl virus

";{:FMOQBBS—T’ck borne encephalitis virus

ot

NC_001564-Cell fusing agent virus

Fig. 1. Phylogenetlc analysns of the’ BAGV complete ORF sequence using the nucleotide maximum composite likelihood model

_of the ‘neighbour-joining algorithm. Cell fusing agent virus was used as an outgroup in phylogenetic analysis” GenBank

Taccession numbérs are given on the figure. Numbers al the nodes indicate bootstrap supporl for each node Bar, nt -

. subsmullons per site..

“e

construct the complete ORF sequence based on the
* phylogenetic tree obtained by using the neighbour-joining
algorithm, ‘The phylogenetic analysis of individual gene
sequénces coding for nucleocapsid, membrane, NS1, NS2,
NS3 and NS4 showed similar tree topologies, which were
comparable with complete genome sequence-based analysis
-(Supplementary Fig. 5L, available in JGV Online). The PNI

using nucleocapsid and ‘membrane coding gene sequences
of Indian and African BAGV isolates was 96.00+1.25 and
92:30 4 1.20, respectively. Analysis of the NS proteins NS1,-

" NS82, NS3 and NS4. of both the. BAGV isolates showed

94.40+0.70, 95.10-40.60; 95204050 and 95.80+40.60

" 'PNI, respectively. ‘A number of previous. phylogenetic
. studies on flaviviruses mostly attempted. to use envelope
-coding sequenices. We also determined the genetic

relationship of BAGV-India using the additional envelope
sequences of -representative members ‘from different -
- Flaviviridae groups. In envelope sequence-based analysis,
BAGV-India grouped together with the African DakAr
B209 strain (95.9040.80 PN1) along with other members
of the Ntaya virus group of the. Flaviviridae (Fig. 2).
Envelope sequence. analysis of the African BAGV strain
{AF372407; Gaunt er al, 2001) showed that it had a closer
relationship (99.00+0.40 PNP) with DakAr B209 strain-
‘than BAGV-India (94.80:£1.70 PNI}. Among “other
" members of the Ntaya virus group, ITMV showed-a dose
reIatlonshlp (93.40-9550 PNI} with "all three BAGV
straifis, -followed by a more distant- reIatlons}up with
Ntaya virus (76. 00—77 00 PNI) and Tembusu virds (74 00—
75.00 PNI). As partxal NSS sequences from addmonal

2646
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75

NC_000843-Murray Valley encephalitis virus

AY463412-Usutu virus -

AF0B0251-Japanese encephalilis virus

AF404755-West.Nile virus

D00246-Kunjin virus

AY632544-5t. Louis encephalitis virus
AY6326542-Rocio virus

AY632538-lheus virus

AB110494-Tembusu virus

77

- AF372416-Ntaya virus )
AF372415-Israel turkey meningoencephalitis virus
oo| EVE84572-Bagaza virus - lnd__ia
a1l AY632545-Bagaza virus DakAr B209 - Africa
80! AF372407-Bagoza viris - Africa
AY632541-Kokobera vicus
AF372413-Aroa virus

49

83

97

- AF372412-Spondweni virus

—e "
5

89 N

AY632536-Bussﬁquara virus
F372422-Zika viis

AY632540-Kedougou virus

- AF288807-Dengue 1 virus
DQ401695-Dengue 3 vitus
NC 001474-Dengue 2 virus . _
AY776330-Dengue 4 virus
B114856-Yokose virus
AY63253'_7-Eﬁlebbe bat virus
U54798-Yellow fever virus '
-AYB32543-Sepik virus

AF37241 Q-Edge Hill virus

NC_ 0036?5 Rio Bravo virus
CH003635 Modoc virus
NC_003676-Apoi virus -

a3

DQ235146-Kadam virus

54

b3t

DQ235145-Gadgets Gully vifus

NC_006947-Karshivius

- 106436-Powassan virus
AY323490-Kyasanur forest disease virus

NC_003690-Langat virus o

— NC_001809-Louping il virus

| S_—

-

D01989336-Tick bore encephalitis virus
AY438626-Omsk hemorrhagic fevervirys

0.2

- NC_001564-Cell fusing agent virus

i F'g 2. Phylogenetic analysts of BAGV based on partial envelope sequences The tree was constructed by using MEGA, by the
. 'ne:ghbour—;ommg with nucleotide maximurh compoasite fikelihood model. Bootstrap confidence level (1000 replicates) and'a ™ .
confidence probabihly value based on the standard error fest were calculated using MEGA and are indicated at the nodes. Partial

" envelope sequences of additional viruses {where -complete genome sequences “weré not available) were used in.the -~ -

hylogenetlc analysis. Cell fiising. agent virus was.used as an outgroup in‘phylogenetic analysis: GenBank accession numbets -
are gwen on the fi gure. Numbers at ihe nodes indicate boolstrap support for each node. Bar, nt subsmuﬂons per snte
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members of the Flaviviridae were available in GenBank, we

performed separate analysis to determine- the genetic

relationship of BAGV-India with these viruses {data not
shown). With NS5 analysis, both the BAGV sequences
grouped together, with 99.904-0.10 PNI, in the Ntaya virus
group. However, in NS5 sequence analysis, the nucleotide
identities of BAGY and other members of the Ntaya virns
group were comparable with envelope sequence analysis.
BAGYV DakAr B209 and Indian strains showed 95.20-95.30

. PNI with ITMV, 76.50-76.60 PNI with Ntaya virus .and
75.10-75.30 PNI with. Tembusu virus.

We documented one nuclectide mserﬁon and four nucleot-
ide deletions in the complete ORF sequence of Indian and
. African BAGYV strains. The envelope sequence analysis of an

additional BAGV strain from Africa indicates a. closer -

genetic relationship with BAGV DakAr B209 than the Indian
BAGV strain, These data indicate independent circulation of
“both the African and Indian isolates in different geograph-

© ical areas. Although the time and mode of introdiiction of -

BAGV in India is unknown, we hypothesize that it may
represent a genetic variant of the BAGV strain which

originated in the African continent and was dispersed and .

established in areas with similar climatic conditions and
favouring vector multiplication. Dispersal of the flaviviruses

from the Old World to the New World and the co-existence .

of related viruses sharing antigenic, host and vector
‘ 31mllarlt1es have been supported by moIecular phylogenetic
‘analyses (Sabin, 1959; Gaunt ef al,, 2001; Chevalicr ét al,
2004; Mackenzie et al, 2004; Petersen &. Marfin, 2005;

Gould et al, 2006). However, to defermine the-precise .

. genetic relationship, geographical origin and epidemiology,
- full genome sequence data of more strains will be helpful.

. We isolated BAGV from a mosquito pool collected during

a JE outbreak and studied its’ genetic- relationship with
. other Flaviviridae. Since it 'was characterized as a JEV and
WNV cross-reactive arbovirus (CF test), we determiried the

... antigenic relationship with JEV and WNV by PRNT.
. 'Although the heterologous neutralization differentiated

these as three distinct arboviruses, we documented weak

_cross-reactivity between WNV and BAGV (Table 1). The -
genetic relatedness of BAGV and WNV in several genomic’
Tegions might be the reason-for antigenic cross-reactivity -

between these viruses (Kuno & Chang, 2007). We

". determined the previous exposure of hospitalized enceph-

alitis patients with BAGV by analysing ‘the sera stored at
—80 °C for anti-BAGV neutralizing antibodies. The
neutralization assay was performed with PS cell-adapted

BAGYV pools, as described previously {Bondre, et al.; 2007; -

Sapkal et al, 2007). Only 15% (8/53) of available sera

- -showed reactivity with BAGV, while 24.14 % (14/53) were.

.reactive with JEV (733913). Both the anti-JEV and anti-

- .BAGV neutralizing ‘antibody titres {NDjgo) were in the
range of 50-1250." All of the BAGV re_actlve sera. were

_negative for JEV by IgM ELISA. .,

o Recently, BAGV has been identified as one of the emerging

. and re-cmergmg human pathogens that causes febrile

illness in humans (Woolhouse et al, 2006)..1t belongs 1o
the Ntaya group of Flaviviridae and has been isolated in the
Central African Republic, Cameroon and Senegal, where it
circulates between ornithophagic mosquitoes and birds
(Digoutte, 1978; Traore-Lamizana et al., 1994; Diallo et al,
2005). It is genetically related to ITMV, which is a serious
avian pathogen in the Middle East and southern Africa
(ngoutte, 1978; Kuno et ‘al, 1998) The phylogenetic

- studies using envelope and NS5 sequences clearly suggest

that there is a close genetic relationship between TTMV and
BAGV. Other members of the Ntaya virus group are

“genetically distinct from BAGV and ITMV.. Qur prelim-
_inary findings on sera collected during the acute phase of

illness from h05p1tahzed patients indicates the presence of
anti-BAGV neutralizing antibodies. This suggests that
BAGY might be circulating in the area between ormnitho-
phagic mosquitoes and birds and incidentally the human
population. might be exposed to it. These observations need *
10 be strengtheried by investigating additional human
clinical specimens from the region. Howéver, our prelim-

'mary observations need to be confirmed by systematic

study of the human population from the Allapuzza,
Thiruvanthapuram and Kottayam districts of Kerala to
understand the association' of BAGV with human infec-"
tions. -

In.conclusion, this study indicates the necessny of serious

- efforts to investigate the likely involvement of BAGV in
“sporadic human infections .and outbreaks in- other '

vertebrates occurring in the region. This can be achieved

" by developing BAGV-specific serological and molecular

diagnostics for testing of human . clinical specimens
collected from the region. Additional studies addressing
the potential of various ‘mosquito species as vectors and
birds as amplifying hosts, and sero-surveillance in domestic

"animals and the human population will add-to- our

understanding of the epidemiology of arboviral diseases.
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DISPATCHES

West Nile VII‘UST

Infectlon in Plasma
| of ‘Blood and
Plasma Donors,

United States

" Christina B. Pfanitzer, Jens Modrof,
Mei-ying W. Yu, and ThbmaS-R Kreil'

" This study lnvestlgated the associallon of ongoing

" West Nile virus (WNV) infections with neutrailzmg antibody .

*fiters in US plasma-derived intravenous immune globulin

_released during 2003-2008.- Titers correlated closely with-
* the prevalence of past WNV-infection in blood donors with

- 2008 |ots indicating a prevalence of 1% ,

[ Test Nﬂc vinis (WNV) is ‘a flaviviras endemic 1o the
United States; typically, hundreds of clinical cases -

of infection occur each year, The observed number of clini-

L cal WNV infections as collated by ArboNET . (www.cdc.

L gov) and the incidence of asymptomahc WNV infections
" as.shown by nucleic acid testing (NAT) of the-US blood
- _supply (/) indicate. that =3 million WHV mfcctions oc-

* curred in‘humans during 1999-2008;

Because the immune system ‘elicits WNV neutrahz-'
- ing antibodies in response .o WNV mfectlon detectable’

. levéls of WNV neutralizing antibodies in the blood of

: _*persons with previous WNV infection is expected. Con-

sequently, lots of immune globulin-intravenous (human)

‘ _ States contain WNV. neutralizing -antibodies’ (2). Those

'. " IGIV lots, each prepared from several thousand plasma

donations to ensure a broad spectrum of antibedies, can
‘be used as an epldemxologlc tool that enables the surveil-

":  Tlance of thousands of persons in a-community through

“analysis of comparatively few samples In this study, we

demoistrated the increasing trend of WNV- ncutrahzmg .

antibody titers in lots of IGIV.

Comparing these titers with those. of persons’ with -
.+ confirined past WNV infection provides an independent

' ._'measurc of the percentagé of the US papulation previously

" _-'mfccted with WNV. Several WNV vaccing trials are ongo-

. mg or 1mmment, so information about-thé ‘prevalence. of

: past WNV mfectlon in the Umted States is valuable for:

'Aulhor afﬁilatlons Baxter Bioscierice, Venna "Austria (CB Plan-
rtzer. J, Modrof TR Krenl), and us Food and Drug Admmlstrauon

" 4ees. -
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planning the demonstration-of vaccine efficacy. Low inci-
dence and lack of highly WNV-endemic areas in the United
States preclude classic vaccine field trials because of study
size requirements and cost-logistics difficulties.

The Study

. -The WNV neutralization titers of several US plasma-
derived IGIV products (Gammagard Liquid/KIOVIG;
Gammagard S/D/ Polygam S/D;.Iveegam EN [Bakter
Healthcare Corporation, Westlake Village, CA, USA]) -
and plasma samples obtained from US blood donors, after

- .a NAT-confirned WNV infection were determined by an;
‘infectivity assay as earlier described (2), adapted to a clas-

sical microneutralization, format (3). WNV' neutralization
titers (i.e., the reciprocal 'dilution of a_1:2 series resulting
in 50% neutrallzatmn [NT,; detection limits <0.8 for un-

diluted 1GIVs and <7.7 for 1:10 predlluted serum]) arere-

ported as the mean # SEM. An unpaired f test was used to
evaluate whether titer differences between 2 groups were

_statistically 31gn|ﬁcant

- Using an extrapolation- derwed from screenmg the- -
US blood supply for WNV- (1), we calculated the average
annual number ‘of WNV infections in thie United States

. for 19992008 The total numhcr of neuroinvasive cases

reported for. those years fo the US Centers for Disease.
Control and- Prevention (CDC) through ArboNET was
multlphed by 256 (i.e., the factor between all WNV infec-

. tions and neuroinvasive cases). The cumulative infection
. -rate for €ach year-during 1999—2008 was then calculated -
by dmdmg the infections. occurring up to a specific year . -
by the US 'population for that year (determined by US

- _Census Bureau estimates [www. census.gov/popcstlstates/

' NST-ann-est. html
. (IGIV) maiiufactured.from plasma collected in the United ) miD).

Although WNV was first introduced into the United -

._States in 1999, only in: 2003 did the mean. WNV neutral- -

ization titers of IGIV lots released to the market start to

-. increase markedly (Flgure 1. Accordmg 10 extrapola-

tions from the WNV screening of the US blood ‘supply’

" (J), by 2003, an estimated 0.5% of the US population had -
_ been infected with WNV, aithough most infections were:
“asymptomatic.

A delay of =~ year occurs ’oetwecn the coﬂectwn of
plasma and the release of IGIV lots to-the market; thus, the
WNV-positive IGIV-Iots in 2003 reflect the larger number -
of WNV ‘infections occurring in 2002. Using the same ex-

.trapolatmns from the US bloed supply (1), we found that -
" the ~0.1% annial mcrements in the proportion of the US -
‘population with past WNV infection follow a straight fine
- (2=:0.9996), generally’ paralleled by the mean WNV neu-
- tralization titers of IGIV lots. ‘During 2005-2008, -when .
_large umbers of lotsofa single IGIV product (Gammagard B
" Liquid)could be analyzéd, the WNV neutrafization titer in-
. Acreased by 3 6 per year (rz 0: 9793) e
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hgure 1. West Nile virus (WNV} neutralization fiters of US plasma-

derived immune globulin intravenous (humany (IGIV} lots by year of -
- production and estimated percentage of the US population with past
- . WNV infection by year. WINV neutralization titers were détermined

either for retention or lot release samples of 3 IGIV products -

. producéd during 1998-2005 or for a considerable proportion of

Gammagard Liquid/KIOVIG lots produced during . 2006-2008.

.Results are shown as mean + SEM {Jimit of détection <0.8) by year
-of product retease. For 5% of IGIV samples, fiters were multiplied -
.by 2 for comparison with the 10% IGIV samples at equivalent
immunaglabulin ‘cancentrations. The percentage of the US danor -
population with past WNV infection was calculated from the number -
- of neuroirivasive cases reported per year and the estimated ratio of

neuromvaswe cases 10 total cases of WNV mfed:on. .

o US_:plasﬁaé-.déri_Vcd IGIV lots released during 2008
showed varjable WNV neutralization titers ranging from
2.8 to 69.8;'mean & SEM titer was 21 = }'(n = 256) (Fig-

' _'ure 2) Compared with titers shown to be pratective in‘an”

animal model of WNV infection (eqmvaicnt to >21 by the
current assay) (2), ~40% of the-2008 IGIV lots’ had higher

- titers.-

Plasma obtamed from persons wnh NATwconﬁrmedi..

E ,WNV infection’ ‘had even higher titers; mean £ SEM. titer.
was 208 +.40 for 30 persons available. for testing. When

" results were. cotrected for thé imriunoglobulin (Ig) G con-,

centration in plasma (=1%), compared with the 10%1GIV

Conclusmns :
" The most comprehenswe collatlon of mfom}atmn

about the incidence of WNV infection if the- United States‘_
_ is -available from ArboNET. When that information is

" combined with irifformition obtained from the nationwide = .
.. screening of the blood supply for- WNV RNA by NAT. -

. (1,4,5), the current ‘prevalence of past WNV in the US pap :

ulat:on is estimated-to be ~1%.

" Busch et al. has noted that- Iarge—écale “cominunity-,
' based serologlc surveys.are hardly feasible because of their
.. expenise and because WNV ELISA assays are poss&bly bi-

ased by cross-reactmns ‘with other ﬂa\nvaruses (). Never~

.Eniefgin'é-ln'fecﬁ?us.oiséaégs --ngw.o;idgovfeid_-'Vo:.gs_, No. 10, October 2009 o

'-preparatlons the mean neutralization titer of the plasma .
‘ samples was =100 higher lhan that of the IGIV lots tested
(2,080vs.21 ) :

:- . theless, 7 seroepldemmlogxc studws have been performed:_’

West Nile Virus Infection, United States

(6—12)..'Cumulati'vel.y, 5,503 perhsons were tested for WNV

infection by ELISA,-and the results have shown highly di- .~

vergent seroprevalence rates ranging between 1 9% (6) and :
- 14.0% (10). .

The use of IGIV lots, each representmg the serostatus
of several thousand donors in 1 sample, makes seroepi-

’ demloiogy practical {13) because it allows a large donor

population to be surveyed by analyzing comparably few

samples. The use of a more complex yet functional virus -

neutralization assay minimizes concemns about cross-reac-

tivity with flaviviruses of other serocomplexes (e.g., _den- '

. gue virus) that occasionally circulate in the US popu]atlon '
Also, epidemiclogic considerations render mterference by -

St Louls encephalitis virus, a flavivirus within thesamie se- -

rocomplex; highly urrhkely (2). The specificity of the neu- )

tralization assay was confirmed- by testing IGIV lots manu-

factured from European-denved plasma against tick-borne .r

encephalitis virus, 4 flavivirus closely related to WNV.and

circulating in Europe. Although these lots contained high

neutralization titers against tick-borme encephalitis virus,

~only I of 20 had a detectable neutral:zatmn titer of 5 agamst'

WNYV (unpub. data).

. In this study, we determmed that the mean titer of .
"samples obtained during 2003-2008 from persons with a-

"conﬁrmed diagnosis of WNYV infection was 100% higher.

“ than the mean titers of IGIV lots. praduced in 2008. This: =~

“'determination. provides an mdepcndent experiméntal mea- : R
sure of the frequency of past WNV-infection in the gen- . .-~
cral US population, -as refected by the plasma/blood donor

'

-‘commumty, and the results correlate well with resoits of .
-previously pubhshed theoretical exlrapolatmns (7}, whlch S

estimated that 1% of the, populauon has already been m- .

fected with WNV..

The increasing Jevels of WNV neutrahzmg antibod-
1ies m IGIV lots from us plasma and Ihc part:cularly high -

)
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- 512 < R o '-:l
o . 256+
R 128 4 =
ED 64 4
B 324 .
373 "
1 :; 16 . )
O owm= . 84, NENENNEN
T Z . A4._ :
=
‘ UsIGIv Past WNV
Mean + SEM 21413 o 08240
" . Ne. 255 -

- Figure 2. West Nile virus (WNV) neutralization hy US ptasma

derived-immung globulin intravenous (human) {IGIV) released in

_ccmfirmed by nucleic acid testing,, WNV. rieutralization titers ‘are

shown as the mean. SEM (I‘mlt of detection <08 for’ undliuted. "

lGle and <7.7-for predlluied sera) NT,, 50% neulrahzat:on tater

tess

- 2008 aind plasma from donars with past WNV infection (past WNVY,: ~
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titers in donors who have had a WNV infection suggest
the possibility of preparing IGIV products with sufficiently

" high titers to be useful for WNV prophylaxrs or treatment. -

Several engoing or imininent WNV vaccine clinica) trials

stress ihe practical value of 2n independent confirmation of l

extrapolations that estimate the percentage of the US popu-~
lation with past WNV infection. Knowing the percentage
of -preexisting WNV seroprevalence as well as estimates
of the mostly asymptomatic incidence rates (74) can be of
" vital itnportance in designing vaccine trials. - .
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Guidance for Industry

Use of Nucleic Acid Tests to Reduce thie Risk of
Transmission of West Nile Virus from Donors of
Whole Blood and Blood Components Intended

~ for Transfusion

Addltlonal copies of this guldance are avalIabIe from the Ofﬁce of Communication, Outreach ;
and Development (OCOD) (HFM-40) 1401 Rockville Pike, Suite 200N, Rockville, MD 20852-
1448, or by calling 1-800-835-4709 or 301-827-1800, or from the Intemnet at A

. http:/fwww_fda. gov/B10loglcsB1oodVaccmes/Gu:danceCompllanceRegu]atoryInformanon/
default.h{m _ .

- For questions-on the content of this guidance, contact OCOD at the phone numbers listed above.

U.S. Department of Health and Human. Services
Food and Drug Administration -

Center for Blologlcs Evaluation and Research

Novem ber 2009
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Guidance for Industi‘y
Use of Nucleic Acid Tests to Reduee the Risk of Transinission of
West Nile Virus from Donors of Whole Blood and Blood
Components Intended for Transfusmn

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate fo bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
“approach, contact the appropriate FDA staff. If you cannot identify the apprapriate FDA staff,
call the appropnate number listed on the title page of this guzdance

"I.  INTRODUCTION

We, FDA, are issuing this guidance to provide you' with recommendations for testing donations
of Whole Blood and blood components for West Nile Virus (WNV) using an FDA-licensed
donor screening assay We believe that the use of a licensed oucleic acid test (NAT) will

- reduce the risk of transmission of WNV, and therefore recommend that you use a licensed NAT
-+ to screen donors of Whole Blood and blood components intended for transfusmn for mfectlon
- with WNV. :

: ‘Tlr'le recommendations in section III of this guidance apply to 511 dohatloné of Whole Blood (as
defined in T1tle 21 Code of Federal Regulatlons (CFR) 640. 1) and blood components for
. transﬁ131on

FDA’S guidance documents, including this guidance, do not establish legally enforceable

responslbllltles Instead, guidances describe FDA’s current thinking on a topic and should be

" viewed-only as recormendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or

. recommended but not requlred

1 BACKGR(_)U"ND ‘ N

" WNV first appeared in the United States in 1999, and has become endemic with high viral.
activity during the warm months of the year. WNV is a mosquito-borne agent that is maintained

! This guidance is mtended for estabhshments that collect Whole Blood and blood components intended for
transfusion.

% This guidance fi naIlzes the recommendations for donauons of Whole Blood and blood components in the draft
. guidance titled, Gu:da\nce for Industry: Use of Nucleic Acid Tests to Reduce the Risk of Transmission of West Nile
Virus from Donors of Whole Bloodand Blood Components Intended for Transfusion and Donors of Human Cells,
Tissues, and Celfular and Tissue-Based Products (HCT/Ps), dated April 2008 (April 28 2008, 73 FR 22958).

* This guidance does not apply to Source Plasma or plasma derivatives. ) A
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in nature primarily bétween birds and mosquitoes but can also infect other animals, including
humans. The potential for WNV transmission by blood transfusion during the acute phase of
infection, when infected individuals are viremic and asymptomatic, was first recognized in 2002 -
(Ref. 1). At that time, test kit manufacturers and blood organizations, with input from the Public -
. Health Service (National Institutes of Health, FDA, and Centers for Disease Control and
Prevention (CDC)), actively pursued development of NAT systems for WNV. Retrospective
studies have subsequently confirmed human-te-human transmission of WNV by blood
transfusion and by organ transplantation (Refs. 2, 3). )
Nationwide clinical studies to evaluate a NAT for the detection of WNV were initiated in 2003, -
under FDA’s Investigational New Drug Application (IND) regulations (21 CFR Part 312). Such
. large-scale studies were necessary to help ensure blood safety and to determine the efficacy of
investigational assays to prevent the transmission of WNV through blood transfusion, because at
that time there was no FDA-licensed screening assay available to detebt WNV infection.

Since 2005, FDA has approved biologics license apphcatlons for two NAT assays for detectmg
WNYV ribonucleic acid (RNA) using plasma specimens from human donors of blood. The assays
are intended for use in testing individual donor samples and in testing pools of human plasma
‘comprised of'equal aliquots of not more than either 6 or 16 individual donations (mmlpools) of
whole blood and blood components, depending on the manufacturer

. As explained below in s_ection 111, if the result of a licensed minipool NAT (MP-NA-T) is
reactive, and subséquent testing of the individual donation(s) (ID-NAT) comprising the tested
minipool is reactive, then FDA would recommend treatmg the reactive unit(s) as-though they are
ﬂfeCth‘uS

Evaluation of additional testing performed on specimens that were reactive on screening by ID-
NAT has shown that a repeat ID-NAT on index donation specimens (i.e., the same or an
independent specimen from the index donation, which is the donation for which the test result -
was reactive), using either the same screening assay or ah equally sensitive alternate NAT,
- together with a test result for antibody to WNV, has a positive predictive value of 98% (Ref.-4).

Data show that up to 10% of donors who have a reactive ID-NAT that fails to be reactive on
repeat testing by ID-NAT actually are infected, based on the presence of antibodies to-WNV
either in the index donation (ca. 8%) oron'a foﬂow-up test (ca. 2%) (Ref. 4). Therefore,
“additional testing that would include repeat testing by ID-NAT along with testing for antibody to.
WNV may be of value in donor counselmg

A. ~ Whole Biood and Blood Components

In 2002, there were 23 conﬁrmed ‘cases of WNYV trarismission by blood or blood components:
(Ref. 3). Only six transmissions of WNV by transfusion were documented in 2003 (Ref. 5)

- following nationwide implementation of screening for WNV by MP-NAT under an IND in July
. -2003. Retrospective studies using ID-NAT to test MP-NAT non-reactive specimens collected

. during that season identified additional reactive donations and indicated that up to 25% of

- Viremic units were not detected by MP-NAT, presumably dug to low viral load (Ref. 6). Results
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of thes.c studies show that for detecting WNV, ID-NAT has greater sensifivity than MP-NAT.

As a result, ID-NAT may identify reactive donations not detected by MP-NAT. However,
limitations in reagent availability, and personnel and logistical issues related to blood donor
screening may not allow full implementation of ID-NAT. During the development and
implementation of the ID-NAT test under IND, MP-NAT of plasma samples (pools of 6 or 16
samples), rather than ID-NAT, was the only feasible format for performing the test. In addition,
testing using the MP-NAT format was similar to the assay platforms being used for human

immunodeficiency virus type 1 (HIV-1) NAT and hepatitis C virus (HHCV) NAT at that time. As . .

reagent availability increases, technology advances, and personnel and logistical issues related to
" blood donor screening diminish, year-round ID-NAT testing of all donations of blood and blood
.components, using a hcensed NAT, may become feasible and practlcal

Although yeap—rouhd ID-NAT testing of all blood and blood components may not be currently
feasible, we believe that using ID-NAT instead of MP-NAT on a limited basis during periods of
high WNYV activity to maximize the benefit to the public health is more. practicable.” Statistical

- analyses were performed on the data from the retrospective studies described above to establish

criteria for defining high WN'V activity in a particular geographic region (Ref. 7). These criteria
were used as a “trigger” for ID-NAT implementation and for reversion to MP-NAT testing when
the high WNV activity in that region subsided. Since 2004, ID-NAT screening replaced MP- -
NAT screening in those geographic regions of high WNV activity during epidemic periods -
(Refs 7, 8) when a threshold was reached. The threshold was usually based on the number of -

- MP-NAT-reactive screening test results obtained during a one-week interval or on a cumulative

rate for ID-NAT reactive.screening test results in a particular region (Ref. 4).

- Afler selective implgaméntation of ‘II_)'-NAT during epidemic seasons, there were three additional
transmissions of WNV by tran'sﬁlsiqn between 2004 and 2006: one in 2004 and two in 2006. _
The WNV transmissionin.2004 resulted from a donation of red blood cells which tested non- -

" reactive in a MP-NAT assay, but which was subsequently found to be reactive in an ID-NAT

" test. Plasma from the donation retrospectively tested reactive by ID-NAT. However, ID-NAT
had not yet been implemented (Ref. 9). The two WNV transmissions in 2006 resulted from a
non-reactive MP-NAT donation from which red blood cells and fresh frozen plasma were
transfused to two lmmunosuppressed remplents (Ref. 10). Investlgatlon of the 2006 cases "
showed that: 1) there were no established methods of communication linking WNV MP-NAT
- data from multiple collecting and testing facilities serving overlapping or adjacent geographic

_ areas; and 2) if efficient communication mechanisms had been in place, the correspondmg
collection area would have reached the threshold for switching to ID-NAT screening; and the
WNV—contammated components w0uld likely have been detected and removed from the blood

supply (Rcf 4)

-At this ‘nme, there is insufficient data to support recommendation of uniform threshold criteria
for switching from MP-NAT screening to ID-NAT screening. Pending development of suitable
uniform threshold criteria, we consider it appropriate for each blood establishment to define its

own threshold criteria for sw1tch1ng from MP-NAT to ID-NAT screening and for reverting to
MP-NAT screening. Each blood establishment should follow an establishéd standard operating
~ procedure (SOP) for this decision process. Voluntary industry practice of switching from MP-
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NAT to ID-NAT screening during seasonal activity has been usefil in increasing the
effectiveness of the WNV screening process. '

L RECOMMENDATIONS FOR DONATIONS OF WHOLE BLOOD AND BLOOD _
COMPONENTS

Testing donations of Whole Blood and blood components for WNV using NAT involves the use’
of defined pooling and testing systems. We recognize that licensed testing technology in a semi-
automated or fully automated format is not universally available, and that if you are currently
performing NAT for WNV under an IND you would need- time to fully implement a licensed
system with all approved components, including the supporting software cleared as a device. If -
you are therefore using some, but not all, ‘of the licensed or cleared components, you should
. continue your existing IND and report. the use of the licensed assay or the related cleared _ _
_components as an amendment to your existing IND. When you implement all.licenised or cleared
components of the test system, you may withdraw the IND in.accordance with the procedures
* provided in 21 CFR 312.38. o :

A. - Testing, Unit Management, and Donor Managelil'ent

1. We recommend that you screen year-round for WNV using a licensed NAT on
donor samples of Whole Blood and blood components intended for transfusion.
In general, you may use either MP-NAT or ID-NAT for screening (see Figure 1
and Table 1), except that we recommend that you use ID-NAT screening during
. high WNV activity in your region (using a previously defined geographic area).
-See section B. - ’ o

2. If you perform screening using MP-NAT, you tnay release all units whose test
' samples comprise a non-reactive minipool, if those units are otherwise suitable for
‘release. ' : B '
. We recommend that you resolve a NAT-reactive minipool using ID-NAT to test
" each specimen in the minipool in order to identify the unit(s) that led to the .
reactivity of the minipool: Based on the ID-NAT results, we recommend the
following;: ' - ' :

a. You lmay release all ID-NAT non-reactive units if they are otherwise suitable .
for release. ' : o

b. Ionecor more individual donation(s) is (are) reactive, we recommend that you
discard the unit(s), defer the donor(s) for a period of 120 days and retrieve and
* quarantine in-daté products from prior collections dating back 120 days prior .
~ to the dornation that is ID-NAT-reactive. We recommend that you notify the
donor of his or her deferral and counsel the donor. Further testing on the
index donation using the same ID-NAT or an alternate NAT with sensitivity
. equal to or greater than that of the screening assay, in addition to testing the
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specimen using a cleared test for antibodies to WNYV may be of value in donor
counseling. ’ ' : '

Note: .In the event that the NAT screening assay does not discriminate
between WNV and other Flaviviruses that belong to the Japanese
Encephalitis (JE) serogroup (namely, Saint Louis Encephalitis virus,
Japanese Encephalitis virus, Murray Valley Encephalitis virus and
Kunjin virus), the donor should be counseled that. he or she tested
positive for a JE serogroup virus, most likely WNV. Alternatively, the
use of 2 NAT assay that discriminates WNV from other members of
the JE serogroup may be of value in donor counseling.

Note: Antibodies to viruses of the JE Serogroup may cross-react on the test
for antibodies to WNV (Refs. 11, 12). Therefore, reactivity in a WNV
antibody test may not be conclusive for WNV-infection.

3. If you perforin screening using ID-NAT, we recommend that you follow the steps
in 2.a. and 2.b. for testing, unit management, and donor management.

B.  Switching from MP-NAT to ID-NAT
We recommend that you: _

1. Establish and validate criteria that define high WNV activity in your
. geographic area of collection. T y _ -
2. Define a threshold for switching from MP-NAT to ID-NAT screening
" during high WNV activity in your geographic area of collection, and for
: reverting to MP-NAT screening when the high WNV activity in your
. - . geographic atea has subsided. . .
~ 3. Switch from MP-NAT to ID-NAT screening as soon as feasible, but
' within 48 hours of reaching that threshold.
4. Establish and follow an SOP for this decision process.

NOTE: To define the geogiaphic area for which the threshold criteria would ,

- apply, you may consider using the donor’s residential zip code or county, or other’
well-specified region of comparable size that includes the donoi’s residence.
Although exposure to WNV may oceur in any location, itiis reasonable to assume

~ that exposure most likely occurred while the donor was near his or her residence,
"because mosquito activity is, highest at dawn and dusk, times when many donors
are at home. Mechanisms for switching to ID-NAT screening that utilize defined
geographic areas based on residential zip codes, counties, or other comparable-
well-specified regions provide a standardized method for collecting data on-the
number of NAT-reactive donations and the number of donations tested.

" Consideration of other epidemiological data may be useful in defining a threshold
“for switching_ from™MP-NAT to ID-NAT screening, if such datd are available:
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Examples include the number of clinical cases, the number of positive birds or
mosquito pools reported in a particular geographic area, and prior ID-NAT
implementation history.

You should switch from MP-NAT to ID-NAT screening when the WNV case
threshold has been met or exceeded in your defined geographic area. Blood
establishments that share geographic collection areas should consider a
communication plan so that data from overlapping and adjacent collection areas-
may be shared and used to assess WNYV activity in a defined geographic area.
You may use this data to determine whether your deﬁned threshold for sw1tchmg
to ID-NAT screening has been met.

If you are a licensed-blood establishment and are already FDA-approved to
perform infectious disease testing of blood products, you may use at your facility.
a licensed WNV NAT according to the manufacturer’s product insert, and you .
must notify us in your annual report of the testing change in accordance with 21
CFR 601.12(d). Also, if you have already filed 2 supplement to your Biologics -
License Application o use a coniract laboratory to perform infectious disease

" testing of blood products, and the contract laboratory will now perform a NAT for "

WNV, you must report this change in your annual report, in accordance Wlth 21
CFR 601. 12(d)

If you are a licensed blood establishment and you use a new contract laboratory to
performn a NAT for WNV and the laboratory alréady performs infectious disease

 testirig for blood products, then you must report this change to FDA, and may do

so through submission of a “Supplement — Changes Being Effected” in
accordance with 21 CFR 601.12(¢)(1) and (5), also known as changes being
effected immediately _(CBE)__ If your contract laboratory previously has not

- performed infectious disease testing for blood products, then you must subimit this

change in a prior approval supplement (PAS) in accordance with
21 CFR 601. 12(b) ~

Labeling of Whole Blood _and'Blood_ Goﬁponents Intended for Transfusion

- Title 21 CFR 606.122(h) requires that an instruction circular, also kniown as the “Circular

. of Information,” for blood products intended for transfusion inciude the names and
results of all tests performed when necessary for safe and effective use. To comply with . .
21 CFR 606.122(h), upon implementation of a licensed NAT for WNV, both licensed and
unlicensed blood establishments must revise such instruction circular to include the non-
reactive results of a NAT for WNV. If you are a licensed blood establishment, you may
submit this labeling as'a CBE (21 CFR 601. 12(0)( 1) and (5)), provided the rev1510n is
identical to the followmg statement:

wp Lieenscd Nucleic Acid Test {NAT) for West Nile Virus (WNV) RNA has
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been performed and found to be non-reactive.”

If you are a licensed blood estabhshment and you wish to use a dlfferent statement, then -
you must submit the labelmg change as 2 PAS (21 CFR 601.12(b)). If you are an
unlicensed blood establishment, you must revise the instruction circular under

21 CFR 606.122(h), but-you are not required to submit the revision as a supplement.
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Figure 1. Recommendations on Testing, Unit Management, and Donor Management for
Whole Blood and Blood Components

Test blood dor_lations using a ‘ ' Test Blood donations
licensed MP-NAT for WNV | . _ using a licensed ID-NAT .
for WNV

MP-NAT ]-—— -—»(MP—NAT reactive ]
non-reactive '

A Y - ,—l ID-NAT |
{ Test each specimen in the pool by ID—NAT? - ' non-reactive” | -

Y A . ’ . i r

If suitable, release ID-NAT . - If suitable, release umt
unit(s) for - " non-reactive : for transfusmn

transfuston. unit{s)

¥

[ ID-NAT reactive unit(s)q
Discard unit(s). -
- Defer donor(s) for 120 days.
Notify and counsel the donor(s).*

Retrieve and quaranting in-date products from prior oollections dating
back 120 days.

* Additional testing on the index donation using the same ID-NAT assay or an alternate NAT
of comparable sensumty in addition to a cleared test for ant:bodles to WNV may be of value in
donor counseling. :
Note: In the event that the NAT screenmg assay does not discriminate between WNV and
. other Flaviviruses that belong to the Japanese Enccphahtls (JE) serogroup {namely,
Saint Louis Encephalitis virus, Japanese Encephalitis virus, Murray Valley
Encephalitis virus and Kunjin virus), the donor should be counseled that he or she
tested positive for'a JE serogroup virus, most likely WNV. Alternatively, the use of a
NAT assay that discriminates WNV from other members of the JE serogroup may be
of value in donor counseling. _
~Note: Antibodies to viruses of the JE serogroup may ¢ross-react on the test, for antibodies to
WNV (Refs 11, 12). Therefore, reactivity in a WNV antibody test may not be
concluglve for WNV lnfectlon ,
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r

Table 1. Recommendations-on Testing, Unit Management and Donor Management for

Whole Blood and Biood Components

MP-NAT

ID-NAT

Actions

Reactive

Reactive unit(s)

Discard the unit(s).

Defer the donor(s) for 120 dajis.

Notify and counsel the dénor(s).*

' collectmns dating back 120 days. ~

Retrieve and quarantine in- date products from pnor

Non-Reactive unit(s)

If suitable, release units for transfusion.

Non—Reactive

Not needed

If suitable, release units for transfusion,

* Additional testing on the index donation using the same ID-NAT assay or an alternate NAT of
comparable sensitivity in addition to a cleared fest for antlbodles to WNV may be of value in

_donor counseling.

~ Note: In the event that the NAT screening assay docs not dlscrlmmate between WNV and
.other Flaviviruses that beIong to the Japanese Encephal;t:s (JE) serogroup (namely,.

Saint Louis Encephalitis virus, Japanese Encephalitis virus, Murray Valley Encephalitis B i

virus and Kunjin virus), the donor should be counseled that he or she tested positive for
* "a JE serogroup virus, most likely WNV. Altematlvely, the use of a NAT assay that '
discriminates WNV from other members of the JE serogroup may be of valué i m donor
. counseling.
Note Antibodies to viruses of the JE serogroup may cross-react on the test for antibodies to
WNV (Refs. 11, 12). Therefore, reactivity.in a WNV antlbody test may not be

concluswe for WNV mfectmn

1V. IMPLEMENTATION

" We recommend that you implement the recommendations in this guidance as soon as feas_ible, :
"-but not later than six months after the guidance issue daie. :
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.CDC: Rare infection passed on by Miss. organ-

donor
By HOLBROOK MCHR (AP) - Dec 18, 2009

JACKS@N Miss, — An extremely rare infection has been passed from an organ donor to at feast
-one recrptent ifn-what is thought to be the ﬁrst human-to-human transfer of the amoeba medical .
- offi cials said Fnday

Four people in three states received organs froma panent who died at the Unlverslty of
Mississippi Medical Centerin November after suffering from neurclogical problems, said Dave
Daigle, a spokesman for the Centers for Disease CuntroIs and Prevention.

Organs are roulinely tested for HIV, hepatitis and other more common infections, but occasuonally' .
. rare ones slip. through :

"We test for the known harmful dlseases, but there's not a test for every single pathogen out
" there,” said Dr. Kenneth Kokko, medical director of kidney transplants at UMMC.,

Two of the recipients are critically ill, but the others haven't shown symptoms, Dalgle said. The
- CDC confirmed the presence of the’ orgamsm known as Balamuthia mandnltans in one of the
rec;lplents : .

Dr. Shiriey Schlessinger, a UMMC doctor and medical darec:tor of the MISSISSlppl Organ Recovery'
Agency, wou}d not say which states had patients receiving the organs.

The publ:c should not be concemed both Schlessmger and Dalgle sazd -

Batamuthia mandnllans is a m:croscoplc parasite found in soil that causes encephalltls in
humans, horses, dogs, sheep and nonhuman primates. Scientists think people getinfected by
breathtng it in,-but it can also pass into the blood through a cut or break in the skin. it can be
especially dangerous to people undergomg organ transplants, whose immune systems are °
purposely-weakened so their bodles don't reject their new organs.

Human infections are very rare: Only about 150 cases have been reported worldwide since the
disease was first identified in 1990. But it can be hard to diagnose because few taboratories test -
for it and many doctors don‘t know about It Some casges are not ldentlf ed until autopsy, )

. -accordmg to the CDC. - LR : )

“The thing we don't want to happen.is for peop[e to take this rare and. extraordmary anomaly and
think it speaks to a lack of safety,” she said. "It's very rare so the likelihood that th:s will happen
" again (IS small) | mean, rt' rarer than rabies." .

There are nsks io transp\ants and doctors can't’ test for everything, but the potential benefits far
_outweigh the risks, she said. = ~

AP Medical Writer Mike Stobbe in Atlanta contnbuted fo thfs report.

On the Net:
n CDC details on Balamuthra mandnlians http it Iy/?stMV

» University of Mississippi Medical Center: hﬂleww.umc.edw

. Copyright © 2010 The Associated Press. All rights reserved. '
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2 Kidney Re01p1ents Contract Bram Disease From Donor

By DENISE GRADY.

- Two transplant, panents are cntlcal]v ill with a rare bram infection that was transmxtted to .

them by kidneys taken from a donor at the Umvermty of M15515s1pp1 Medmal Center in
Jackson, health officials. reported on Friday. ' : :

The same infection probably kllled the ¢ or: gan donor but it was fiof uldg“lOSEd his doctors |
.thought he had an autoimmuné disease. Two other pauents also received heart and liver

transplants from the donor, but neither has become il The tr ansplants took place in
November, in three states A spokeswoman for the university ‘declined to say where the '
rec1p1ents were, emng patlent conﬁdentlahty ' ' '

' 'I'hree weeks after then‘ transplant surtrerles the hdne} rec1p1ents became 111 abmptl}, .

: ,'WIthm hours ofeach other, with seizures, d change in mental status and fever, said Dr.

Eileen Farnon, an epidemiclogist at the Centers for Diséase Control and Preventlon which- -
is investigating the cases. A doctor noted that both weré transplant recipients, and
immediate_ly suspected that the3r might have contracted an illness from t_he donor.

- A :
Subsequent tests of tissue left from the deceased donor found the mfectlon Wthh was also

diagnosed in the patients. The patxents are bemg treated with a mixture of antxmxcroblal

* drugs.

. The infection is caused by an amoeba, Balamuthia mandrillaris, which lives in soil and

water. Only about 70 cases have ever been identified in the United States. Nearlv a]l have
been fatal. The ¢urrent cases are the first to have been found { in transp]ant rec1p1ents
Although infections from transplants are uncommon, there have been cases in which
rec;plents contracted West Nile virus, rabies and other infections.

- ’ ' Copynght 2009 The New York k.Times Comp
. anacy F'o!jcy ! Terms of Service |1 Search | Corections’ I Rsslrr First Logk I‘ He\p ‘ Contact Us- |
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’ ' f1] viet Nam

' Date:-Fri .29 Aug 2009 s L
Source Thanhnlen News . com” [edlted] Co e T

T e C _Earller thls week the Hanoi ‘Health Department reported that nearly .-
S ) 2500 cases of the mosquito-borne fllness had been. recorded: citywide!
1 e L i T ] _‘ _"srnce the begrnnlng of 'the year [2009], 10 times more than over the-
’ - o ' same’ peried last year [2008]. The'depaxtment said the flgures ‘weke the
:'.wbrst in. years.i“The number ‘of . dengue cases has gone up crrtlcally,
said National Institute of° Infectious and Titopical Diseases deputy
_drrector Nguyen Hong Ha, adding that tHe 1nst;tute had- admitted up to
_ 45 dengue patients a day recently "Around 100 patlents are receiving-
. . ‘treatment at the institute.right riow! we're on overload,": he said..
e T rPatients have to share beds, and we've even had to.set up beds in -the
i - : .corridoxs: But ‘that's still not enough; ... we' re buylng more beds . "

Accordlng to.the doctor, most of..the" patlents had come from 1nner-c1ty
dlstrlcts like Hoang Mal, Thanh Xuan, and Dong Da. He ‘said that fact’
{ refuted the popular theory that the number of Hanei dengue patlents
. .--.  had gone up beécause the capital had absorbed parts of Hoa. Binh and
¢ ’ . . Vinh Phue in 2008. o S . . .

. 'Although~the'number'of dengue cases’ recorded in Ho Ch1 Mlnh Clty

. '._ hasn't’incréased sharply this Year [2009], more patlents have reached’
critibal'conditlon, and- there have been more deaths related to. dengue,

. said Dr. Phan- Van Nghiem from the city's Health department Over 7100 °

‘cases have been recorded’ c1tyw1de s5ihce the beglnnlng of the ‘year

."[2009], -an rncrease of 5 percent compared with.the - same period last = -

- year--[2008]. The city has already seen 7 deaths due to dengue, . ST
uaccordlng to the department. . ’

- Doctor ie Blch Llen, head bf the Dengue Fever Department at Chlldren IR
o . 7 ' -Hospital No. 1, said her facilities. were treatrng around,80 kids’ for
FEEP - dermigué, 1/4th of whom were in stages 3 .and 4 .with. symptoms .like’
Coe -';_}vclrculatory failure; neurologlcal prdblems and hemorrhagrng.'"ﬁround
S o 20%25¢ chlldren are admitted-to the hospltal wrth dengue fever "every
o _._day,-'sald Dx. - Lren. "HCMC klds account for 10 percent ‘of our chald L
':Ta ‘_g'patlents. ; - : T ":.' - . IR .:.-“ PSR

~10 years old

i

are'réCéiving:treatmeht;. R

' '.'__Between 50. and 60 klds, maéély 3




y oAt
. : - 2/8 ’{f—L/
for dengue‘at HCMC Children Hospital No.. 2, said Dr. Tran Thi: Thuy,
deputy head of the hospital's Infection Department. "Around 10 percent

of them are in phase 4, the most crltlcal phxase, and experlenc1ng
phy51cal shock, ™ Dr. Thuy said.

Thu Duc General Hospltal has - reported that some 20= 30 dengue patlents,~'
malnly adults, were currently undergo;ng treatment there.

"Durlng the ist 1-2 days of infection, dengue in kids is dlfflcult to
distinguish from hand-foot-mouth disease or HIN1 flu," Lien said. "As
HIN1 flu manifests 1tself in complicated ways, many people have let.
their guard down agalnst dengue fever. But dengue can he fatal for
kids," she warned.

[Byllne Thanh Tung-Lien Chau}

Communlcated by:
‘ProMED- mall Rapporteur Mary Marshall

. A map of Viet Nam 5how1ng the prov1nces can be accessed at

hrip: /fwww.lib. utexas.edu/maps/middle east and asja/vietnam admin0l? 3pg> An’
interactive HeaithMap/ProMED-mail. of Viet Nam can, he accessed at
<bttp://healihmap. orq/r/O Bc>. - Mod.TY]

.--*****Jr

[2] sri Lanka

Date: 'Sat 25 Aug 2009
‘Source: Xinhua News Agency [Edlted] . L
<http://news.xinhuanet.com/english/2063-08/25/content 31863338 .htw>

The nuwber of dengue cases has risen to 24" 629 while 245 people have

died of the disease in Sri Lanka so far 'this year [2009], the . .
- . ) Epldemlologlcal Unit of the Health Mlnlstry sald on Frlday [28 Aug . s
N . 2009] . G Lo

* The Epldemlologlcal Unit said in its 1atest statlstlcs that of the 24
629 -cases, the highest numbeér of patients were reported from June

- [2009] totallng 7048. It is followed by July [2009]_w1th 6858 cases .

'belng reported.A . - ' ‘

This represents a sharp increase; as only 4156 dengue cases and 85
deaths’ ‘were reported for the whéle year of 2008.., °

Health off1c1als sald the majorlty of these cases have been reported
--from the areas. of Kandy, Kegalle, cOlombo, Gampaha and Kurunegala.

u',_The rapld rise. 1n the level of the epidemic ‘has forced the health
"“authorities to carry out’ extensive public awakeness campalgns to.
. eradicate the mosqultohbased epldemlc.

e - R Households have been warned to Xeep the env1ronment ‘free .of.
’ _mosqu1toes. Those who allow the mosqultoes to breed by allowing
.stagnating watex face ‘prosecution, with .a’ spec1al hotllne being made
. avallable for publlc infermation. e

° There has been a decline in the number of dengue fever cases in August
[2009]), with 2387 cases being récoxded as of [28 Aug 2009], 0fflClalS
said.

.+ Communicated. by: . : .-
'NPRO/MBDS <promed—mbdstprom.oma1 -org>

. [Durlng 2004 to 2009, the dengue outbreak in 2009 is the: largest 1n23"
T4 sri Lanka. Based on the above’ newsw;re, there have -been 24 629 cases
’ and 245 deaths’so far (January-August 2009} The case fatallty Tate
_* (CFR) is 0.99 percent The ‘number of reported dengue cases. has, .
u.dramatlcally 1ncrea5ed nearly 6- foldras compared to 2008 {4156 cases) B
o At present the trend of the dengue outbreak in Sri Lanka is
- decreasmng, as ‘there. were 7048 cases, 6858 cases and 2378 cases 2T S
repotted in June, -July a&? Auglst 2009, respectlvely However, more"t, .
dengue outbreaks are als EOSSlble ln November to February, when the N

LY
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northeast monsoon begins. - T ' . : | L

Dengue is transmitted by the main vector, the _Aedes aegytpi_ )
mosquito. There are 4 distinct {(but closely related) viruses-that -
cause dengue. According to WHO's Regional Office. for Southeast Asia
(WHO/SEARO)' report (available at
<http://www_seaxo-who. mnt/en/“ectlcnlafsectlc 13321109, htmw>), Srl
‘Lanka, Indone51a,.Tha11and and.-Timor-Leste are classified in category
. -A upon the transmlsslon potential of dengue. The common’
characteristics among those countries are dengue fever (DF)/dengue
haemorrhagrc fever (DHF) as a major public health problem, which is .
the leading cause of hospitalization and death among children, and-
there are cyclical epidemics in’urban centers and spreadlng to rural
areas with multiple virus serotypes c1rculat1ng.

In 2004, the total of dengue cases reported was 15 408 with 88 deaths’
(CFR 0.57) in Sri Lanka. During the past 20 years, the outbreak in
2004 was most serious, although the CFR was lower than in the past.
Cases were reported every month, the highest being in June-July 2004.

. Cases were reported from 25 districts. Of these, 72 percent of easee'

. .+ and 78 deaths were from 5. cities, namely Colombo, Kandy, Gampaha;, )
Kalutara and Kurunegala. The CFRs. range from’ 0 -4 percent to 1.1 percent. .

In 2006; the repoxted dengue cases and deaths due to ‘dengue had

increased 2~fold, as. compared to 2005. The case fatality was malntalned
-below one percent. In 2007 till May, 1846 dengue’ cases and 9 deaths

have been reported from Sri Lanka {see .
<http://wwy.searo.who. 1nt/en/qectlon10/Sectron332/Sectlonzz?? 11863;htm>).

A -map of Sri Lanka can be accessed at .

“<http://wew . lib.utexas. edu/maps/middle ezst znd eSla/=ra ianka poiQl. 1pg>,_
A HealthMap/ProMED-mail interactive map of Sri Lanka can be accessed

.at <http'// sealthmap. orq/r/009M>. -ﬁ:od SCM]I. B .

ok ok ko ) .o
. " [2] Myanmar (Rakhine)
© Date: Mon 24 Aug 2003
Source: Mizzima News-{editéd]‘_ .
) <http:/!wﬁw.mizzima-com/news/ineide—burma,2666 dengue-krl=a three—af litts-over

-Accordlng to 1nformatlon from the Mlnlstry of . Health, at least.3
people- have died and 329 have been infected with dengue fever thlS
year [2009] in Sittwe and Kyaukphyu. of Arakan [Rakhlne] state in
- western Burma [Myanmar]

o T S ) According to the_m;nlstry-of health, 2 pecple in Sittwe, capltal of
L .. Arakan ([Rakhine] .state, ‘have Hied'and another in Kyaukphyu town.

- ".. 7 "Though dengue i$ not very dangerous, 2 people daed in our town,

‘ scaring people. There are many dengue affllcted child patients in
hospital,~but I cannot tell thé exact number. Besides, therxe are many

‘more unreported cases in the. villages. The v1llagers cannot afford
treatment at the hospital. Only the affluent in the town can get

,admitted to the hospital. Déngue has .infected not only children but

) . adults as-well. There are many people from different age groups being
- o treated at our hospital. Most patients axe children, and ‘the fever

a : ’ " lasts less than a week, after which the patrent is out of _dangef," a
doctox in Slttwe Hospltal sard. : ’

But, some patients need to be treated for over a week. "My daughter had
dengue since the beglnnlng ‘of this month {August 2009] and was
hospitalized as soon as she was’ infected.. Now she haS»been dlscharged.
Though “her conditien has 1mproved ‘she has not yet fully recovered.:

;. She’ has _been- absent from school for over 2 weeks, "Thex mother] in’
Sittwe told M:.zz;-.ma. ‘

‘Teachers are worrled about thelr students, as’ many are’ absent from
'schools- MThere are: many chlldren who cannot come to-school’ because of . o
the flu. Their friehds" say they ‘eithér have' flu ox dengue fever. Some R
could not come.to school for a whole ménth [August 2009]. We are * ‘- s
'.worrled about thelr education’ glven -the 1ong absence from classes,,.a
class teacher in the State ngh School No. 2 in Slttwe told Mlelma.:.:J

T o - "Though the symptoms of thﬁégdlsease are coughlng, sneezlng, fever, and

. .‘" - BT <
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. body ache, in thlS type of 1nfluenza{ similar symptoms are not found,
and there are only sudden high fever plus headaches. :

RaSh,.bleeding from the nose and gqums, bloodstains in the urine and
stool were found in these patients., Patients are known to become

" uncenscious, have convulsions, perspire w1th high fever, vomlt
continuously, and suffer from shock-

Dengue.fever cases .were also reported in Pyi, Pa-an in Karen State and.
Htantalan téwn in Chin State. .

The Health'Ministry release said that about 30 people die of dengque
fever in Rangoon [Yangon] annually. :

1

Communlcated by: .
PRO/MBDS <promec—mbds@prcnedma1r org>

[The mewswire above is theA4th report of dengue cases and deaths in
. Myanmar since mid June 2008. However, it is .the 1lst report from |
. - " 'Rakhine state (formerly Arakan), one of 7 states of Myanmar situated
: : along the western coast. According to the newswire, there have been’
329 dengue fever cases with 3 fatalities (2 cases’ from Sittwe and
- anothex one from-Kyaukphyu town) during 2009.

The previously reported dergue outbreak in Myanmar occurred in .
Myitkyina; capital of Kachin State (see prior PRO/MEDS posting Dengue
Myanmar1(03): RFI 20050728.2650}. There are no current reports -of
‘morbidity and mortality statistics in the countzry with respect to
dengue fever in 2009. However, as of 24 Jul 2009, there were 838 cases
‘with -6 deaths of dendue during 2009 in Yangon, Myanmar {see prlor -
PRO/MBDS posting Dengue - Myanmar {02): Yangon 70“90726 .2633) -

In Myanmar, dengue fever (DF)/dengue haemorrhaglc fever {DHF) is one
o of the leading causes of morbldlty and mortality among children under
L the age of 10 years, with .approximately 85 percent of cases occeurring.
S '1n this -agé group..An annual average ‘of 7000-10 000 cases of DF/DHF'
are reported nationwide. .However, in recent epldem;c years (2001,
2005, and 2007), the number had risen to over 15 000 cases. -In 2007,
- 62 percent of all. reported cases were from Yangon Division® (31"
_percent), Ayeyarwaddy Dlv1510n (16 percent) and Mon state (15 percent)
'(1) . . . .

o o The Tst major epidemic’ of the ‘disease syndrome in Myanmar occurred in
© . the capltal, Yangon in' 1970. Since then,. epidemics have ceontinugd to
occur in a cycllc .pattern, and the disease has spread from Yangon to’
most parts of the countky. . Between.1970 and 1995, there were 83 381
cases of DHF with 3243 deaths, a case’ fatality rate of 3.88 percent.
- During the 1st.-5 years in which DHF was known to -occur in the country,
almost all the cases were confined to the Yangon division. By 1975, .
R . the ‘disease syndrome had begun to spread and, in that year, 31 percent
B of ‘the DHF cases - ‘occurred in Mandalay and only 29 percent in Yangon.
X 'However, Yangon Stlll rexwainsg the inost serious focus of DHF (2).

.Accordlng to WHO's' Reglonal Offlce for South- East A51a (WHO/SEARO}
'-ﬂ R . report available -at : S
o | <http://www.sears.who. 1htlEM/“ectrcu1C/Sec-lon332ISect10n2277 11962 htm>, Tin'
- :2005 the total.denque cases reported was 17 454 and 169 deaths in .
Myanmar, and the.case fatallty rate. was maintained below. one percent.
The increase in case load and deaths compared to 2004 is almost 2
. times. In 2006, the reported derigue cases and.deaths were reduced as
S 'ﬁcompared to 2005 The case fatality rate in 2006 was slightly above
AP o -one percent. The seasonal. trénd shows. July as the peak month, and '
oo ' ,”cases start 1ncre351ng from May to peak ln July—August- -

- References'
'1 World Health Organlzatlon. 301nt plan-of actlon scalrng ap dengue
‘prevention and control for the. cyclone Nargls affected populatlons.
‘June- September 2008 (available at . R
: <L i<httpe / fwwviivhe. lntfhac/crlses/mmr/myanmrr JOlnt plan of actlon denque 2005 pdf'
S '2." Prasittisuk C, Andjaparidze AG, Kumar V. WHO South-East Asia .
ST Reglonal Offige: Current. Status of Dengue/Dengue Haemorrhaglc Fever in = - .
.. % . .. WHO South-East Asia; Reglon. Dengue Bulletin Volume 22 December 1998 ERRR
- 'Jix : (avallable at . 69 Lo
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<h tp: /rwww SEaro. who 1nt,en/Sectwon10/Secelcn334 Section520 2414.Htﬁ>);

For maps of Myanmar see
" <http: / fwww.worldatlas. ccmjwenlmeue/cou tlvs/a51a/lgcolor/mmcolor htoo
and :
<http://wwwr.lib. utexas edu/mans/mrdale esst a“d aSla/Durma pol 96. jpg> For
the intéractive HealthMap/ProMED-mail map.of Myanmar with links to
other ProMEDHmall reperts in. Myanmar and surrounding countrles, see
<http: /’hearhnmap crq/r/UPIU>. - Mod.SCM] :

****—**. .

[4] India (Gujarat)
"Date: Mon ‘31 Aug 2009

Source: Times of India [edited]

<nttp://timesofindia.indiatimes.com/NEWS /C1ty Pajkot/Du“gae “outbreak-gets-sever

The dengue cutbreak in the city is refusing to die down, with 15 cases
‘reported in the city in the past 48 hours. With 3 fresh cases reported'
on Sunday {30 Aug 2009], the total number of patients being treated
for the disease in the city has 'gone up to 55. One.person has died .of
the disease till date. The patients weére admitted from Sukhnathpara,
Sardarnagar and Bdharwadi areas. On Saturday [29 Aug 2009], there_were
7 new -cases reported. .
"We are d01ng our best -to tackle the, sltuatlon in’ the c;ty. The
district collectoxr FR Sqmpura has formed a special team to root out
the virus from the c1ty. Daily, 10 teams under this "special team are
conductlng door-to- door surveys along with efficials from Amreli -
: mun1c1pallty, to find out cases,” a district health official said.’

T Apart’ from health off1c1als, teams from-the_municipality are also
conducting cleanliness drives throughout the city. "We are fumigating
. ail’ ‘streets of the city every evening to k111 mosquitoes carrying the
. . ... dengue. virus and cleaning any water-logged areas. However,_our job )
: . ‘"will get more. challenglng with the 2nd spell of rainfall that has .:
“-bégun -since the past~?2 hours, " an offlclal from Amrell Nagar Palika -
.said. .

Communieated'ty‘ .
HealthMap Alerts via
ProMED—mall <bromed@promedma11-ora>

[Fumlgatlng the streets will be of orly temporary value. Elrmlnatlng
. the 'vector mosquito breedlng sites-in and around Houses and other
bulldlngs w111 prov1de more effectlve control ‘of ‘the outhreak.

An interactive- map - of - Gujarat, India showing the locatlon of Amrell
.and vicinity can be accessed at, )
- <http: //dww.maplandln comflndra;quara -unmelrfamrer1/>: A
s HealthMap/ProMED-mail interactive map of India can be accessed at .’

<http://healthmap.orq/promed/en?v=22.5%,79.5,5>. - Mod.TY) St
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. [9] Pakistan
-Date: Wed 26 Aug. 2009
Source: The'News\Iedrted]
f<http://wna.t“enevs com.pk/printl. nsp°1u 195020>

"

Out .of 18. patlents of .a locallty admitted to Holy Fam&ly Hosp;tal
. Saturday [2Z Aug.2009] ‘evening, 5 were declared positive for dengue
© ., féver by the National Institute ‘of Health (NIH), Islamabad. The
'j conflrmatlon of 5 cases as p051t1ve, ‘the lst in thls season .in- this CL
reglon ‘of the country, has convinced a numbéxr of health experts in i

town to. fear .an outbreak of the 1nfectlon-~
B .’

) ] "The conflrmatlon of 5 cases: proved the ex15tence of Aedes aegyptl‘,
o J.‘nf.-”::'&“=t"ﬂ~ the female mosqulto that causes -dengue fever [transmrts dengue R
’ v . yiruses).<in town. The:deaths of 2 children on. _Friday night and . L
Saturday mofning {Z1 and 22 Aug 2009] due to fever in the area from'
‘”=where 18 patlents have been taken mlght be attrlbuted to dengue fever

of: DHF said NIg. . co . J R
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A e#ecial team of the District Health Department headed by District °
Health Officer Dr. Khalid Randhawa has shifted some 16 children and 2
.adults to the HFH after suspecting them cases of dengue fever on
Saturday evening [292 Aug 2008] from a village not more than 25 km from
here.” The team was constituted after the Executive District Officer.’
{Health) received reports of deaths. of the.2 chlldren. The deceased as.
well as all the suspects admitted at HFH have been 11v1ng in a.cluster

of nearly a dozen families settled near the village Larr in Dhoke
Jhando, located in union counc1l Thatta Khalil of Tax1la.

All the 5 cases'confirmed so far for the infection range. between 3 and
8 years of age. The HFH has sent blcod samples of a total of 18 ‘
suspected patients of dengue fever to NIH for dengue serclogy, of -
which 5 have. been confirmed posxtlve, 9 negative, while results of 4
cases have not been finalised as yet.

3

Experts do believe that with the detection of 5 confirmed cases in the
outskirts- of twin cities of Islamabad and Rawalpindi, a rising threat
of an outbreak of denque and DHF seems to be lurking, as the disease
has a tendency to occur in epldemlcs and outbreaks and spreads like
w11d flre. ’ ' _< C

. .Head of Pathology Deparxtment at Rawalpindi Medical College Professor

+ . .1 Dr. Abbas Hayat has repeatedly expressed to "The News" that the spikes

' of dengue fever, if they occur repeatedly, might be more deadly and
might result in severe complications, including: hemorrhagic |
manifestations. Two months back,_he said that the 51tuat10n ‘might be
alarming after the monsoon, as the climate after monsoen is considered
to be the most suftable for the breeding of. the mosquito Aedes"
aegypti_ that causes [transmits the viruses that cause] DF and DHF.
DHF is a cause of disease and death prlmarlly among chlldren in.
troplcal Asaa.'

Studies have revealed that people at a higher risk for dengue
‘-transmission are chlldren, travellers and tourists, whereas adults
T residing in endemlc akeas are also susceptiblé. to contractlng ‘the .-
. disease.’ - : .

-The Dlstrlct Health Department has already clalmed that it has- | ]

!‘-_performed fogglng and. sprinkled- lnsectlcldal spray in. and around Larr,‘
however; experts. helleve that a contlnuoUs surveillance: is needed at
,thls time to, avert a p0551ble outbreak of dengue fever. -

'IByllnei:Muhammad Qa51nq o . VR

‘Communicated. ﬁy' )
"HealthMap Alerts via
. ProMED-mall <uromed@prcmedmall o_g>

. A HealthMap/ProMED -mail 1nteract1ve map of Paklstan can be accessed
--at <http f/healthmab orc/bromed:ev°v 30, 65. q,“>_ - Mod. TY] P

h
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. . ) - :{6] Maurltlus
T B . Date: Thu 17- Aug 2009
R ; . Source: Eurosurvelllance [edlted] :
- <http://ww, etros _r"e*lrence orglvlewArtlcle aeu\°Axt d=10314>

e L . 2 .1The follow1ng artlcle presents an 1nterest1ng approach for mapping
ST : - dengue outhreaks. - Mod. TY] : :
) Abstract . e . R T . -
‘1Durlng the month -of June 2009, Maurltlus experlenced a short llved :
. . ‘outbreak.’ of dengue fever localised in- ifs capital city Bort Louls. -
cen L.t o _Aedes alboplctus . & secondary vector of déngue VlIuSES, was the
Y ' - ‘ _probable wector, We introduce a method- which combinés Google Earth.
L images,. stochastlc cellular automata and scale free network ideas toi
:‘jyﬁ”,..-map this: outbreak ‘The method. could complement other- technlques to .
’ ‘—:ffoxecast the evolutlon ‘of potentlal locallsed mosqulto-borne v1ral P
" outbreaks in Mauritius .and in at-risk 1ocatlons elsewhere for publrc R
;health plannlng ‘purposes. S o :

Fo.

N R

gReference,f:i“ “:_ﬂ: 71
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Ramchurn SK, Moheeput K, Goorah Ss. 2008. An: ana1y51s of a. short 11ved
outbreak of dengue fever in Maurltlus. Euro Surveill 14: 19314..

Available online:
<http://wwn. eurosurve;lle ice org/Viewhrticle, aspx’Artl ler 19’14>.

Communicated by: .
ProMED-mail <promed@promedmail.orc>

{A HealthMap/ProMED-mail interactive map of Maurltlus can be accessed
at: <http://heslthmap. crq/promed’en’v——zo 3, 57 9,v>. - Mod. TY]

A kk ok .

[7] Dominican Republic -
-Date: Fri 28 Aug 2009 , .
Source: El Nuevo Diarie f[in Spanlsh, trans. Mod.TY, edited]
<http: //eﬂnuevodlarlo Com. dolapp:artlcle aspx”ldh195&14>

A dozen people, 1nclud1ng adults and children, are affected by dengue,
with one "of these in.d serious state, reported the repxesentatlve of * |
the munlclpal district’ Canca La Reina, Licenciado Manuel Antoenio |
Rojas. The district executive said that the dreaded dengue outbreak
that hit the different communities of Canca.la Reina is ‘prodiced by a
strong wave of mosqu1toes left by the passage of recent rains that
have fallen in the past weeks., He recalléd that in-2003, 4 people died
in thls communxty, affected by dengue, which is the reason that a call
was issued to the provincial Health Directorate so that urgent'
“measures would be taken together with the municipal government to
-avoid a. repetition of that history- Tony R03as said that the municipal
government- has maintained operations to eradicate trash, mosquito -~
breeding sites and wells where the mosqulto that is the dengue vector
breeds . - .

.. o He pointed out that the outbxeak has become pxesent 1n various -
. T ‘communities of Canca La Reina, but. the main effects have oc;urred in ..
"‘ﬂ“' = the Manhattan sectox, where- there is an affected child in an extremely
' o - ,_sexlous state. "We have called Public Health .on ‘other: ‘occasions to
S L ~ -carxy out work against the dengue vectior mosguito,: but. they have nhot
: ) : ' o ; reciprocated,” complained Representative Tony Rojas. He 'said that the
.situation is very serious because’ there are.more than 12 people.
'affected by dengue. _ o - ; .
. . ) ':Representatlve Tony Rogas stated that the mun1c1pa1 government lS
. Lo S coordinating an urgent- operatlon to tacklé. the epidemic of mosqultoes,
' ’ ”stre551ng that the -health of the populatlon of Canca La Ralna is in
danger

[

- ',. . '[Byline: Arcadio'ﬁ.‘Rejas}' .

I Cpmmuﬁicated'by:, )
: " HealthMap Alerts via .
- ProMED-mail <promed@promedmail.org>:

[A'HealtﬁMap/ProMEDJﬁaii -interactive map shbwihg the Dominican
'Republlc and its location in the Caribbean ‘can be accessed at
<http: //heaethmap crg/promea/en°v~18 9 —-70.5;5>, - Mod.TY] .
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are posted, but thé- accuracy and completeness of the

‘information, and of any statements ‘or'-opiniéns based
thereon, are not guaranteed. The reader assumes all risks in
" using informatiofi posted or archived by ProMED-mail. ISID

.and its. associated service providers shall not.be held

responsible for errors or omissions of -held liable for any

-damages incurred as a result of use or reliance upon posted

or archived material. .
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etc. to: majordomofpromedmail.exrg. For assistance from a
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Tab[e Characleristics Mycobactenum bovis BCG complication cases, Talwan 2005—200?'

) Spemmen

Dxagnosis and site of invelvement

. ‘Patient Sex/age at
" no. diagnosis, y Year repoﬂed
1 Ff2 " 2005
2 © MH " 2005
3 Mf2 2005
4. M/9 .. 2005
5 FM 2005
6 MM 2005
7 M2 2006
) N2 " 2008
NN FM 2006
10 FM 2006 -
11 . ' 1 2007
12 MH 2007
A3 . M2 2007
14 . FhH 2007
15 M/2. | 2007

- Biopsy sample’

Biopsy sample
Bacterial isolate

Bacterial isolate .

Bacterial isolate
Baclerial isolate

X Biopsy sample

Bacterial isolate

‘Bacterial isolate
Bacterial isolate -
‘Bacterial isolate

Bacterial isclate
Bacterial isclate

BCG osteitis/osteomyelitis,; right ankle

Su_bculaneous abscess, left anterior chest wall
Severe combined imrunodeficiency, disseminated BCGitis

Suppurative lymphadenitis
Injection-site abscess
Suppurahve lymphadenitis
BCG ostelllslosteomyel'hs right distal femoris .
8cG osteitis/osteomyelitis
BCG ostemslosteomyehus Teft distal femoris
BCG osteitisfosteamyelitis, left distal radius
BCG osteitis/osteomyelitis, right knee-
Subcutaneous abscess, left wrist.

BCG ostemslosteomye!ms nght ankle

Bacterial isolate
Bacterial isolate

Suppurative lymphadentitis

-*BCGitis, dlssemlnated BCG infeclion.

BCG osteilis/osteomyelitis, left proximal tibia

ape. In partioular, suspected c_hildhood-
“TB patients without an identifiable TB
" contact ‘and with normal immune sta-

tus were subjected to further investiga-

tions. Multidisciplinary management, '

" including enhanced laboratory diagno-
-sis of atypical bony lesions in infants

and children, is. recommended for any -

suspected TB infection. Once BCG-

" relatéd infection is conﬁrmed med:cal" )

treatment has to be con31stent .
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Reemergence
‘of Bolivian’ |
‘Hemorrhagic Fever, "
2007-2008 =

To the Editor: Bolivian hemor-
rhagic fever (BHF) was fifst described

in 1959 during outbreaks aﬂ'ectmg

isolated human commumt:es in east-
em Bolivia. However,'it:was notnntll. :
1963 that the EII.O}O,glC agent, Machupo

-virus, was isolated from the spleen of

a patient who died from this d:sease
(1. Although no cases were repoxted :
between 1976 and 1993, an .outbreak -

. occurred in 1994 and sporadic -cases :
‘have beéen observed since theén. - AR
-~ In February and March 2007,-at *

least 20 suspected BHF cases (3 fatal) ~ -~

-

were reported to the El Servicio Depar— -

N tamental de Salud (SEDES) i Bem




Bolivia. In Februaiy 2007, physicians
at the Hospital Santa Maria Magdale-
na reported 3 male patients (23, 27,
and 29 years of age), who worked at
a ranch in ‘Magdalena, Itenez Prov-

. ince (13°140"S, 64°12'0"W). The
patients sought treatment for  fever,
- gingivarrhagia, petechiae, nausea, he-

matemesis, melena and tremors; clini-

~cal laboratory examinations. showed
- thrombocytopenia . (<130,000° cells/
"~ mm’), leukopenia (<3,900 cells/mm?); -

and hematuria. Because physicians
suspected BHF, patients received sup-
portive. therapy, including intrave-

_nous hydration, corticeids; antipyretic
".drugs, antimicrobial drugs, and blood "

transfusions from donors who had sur-
vived Machupo virus infection. None-

. -theless, 2 of the patients died 3.4nd 4
-days after admission.

In February 2008, at least 200

_ suspected new BHF cases (12 fatal)

of BHF were reported to SEDES. A

" febrilé hemorrhagic illness developed
in a 19.year-old man from Huacaraje,

Itenez Province (l3°33'S 63°45'W),

" On first examination at the’ Hosp1tal '
" Santa Maria Magdaiena the patient.
‘had fever, tremor, gingivorrhagia, pete- * ~
* chiae, bruises, asthenia, and anorexia .-
" and was admitted with a presumptlve

diagnosis of BHF. Desp:te supportive

treatment (including. administration of
plasma from.a BHF survivor), his con-.
 dition worsened;’ ‘hemateress, mel-
ena, hematochez:a hematuria, amma ‘
- 'respxratory alkalosis, and metabolic” -

acidosis developed in the: patient,

- eventually resulting in death. A fifth

case was detected in a 46-year-old

man from San Ramon, Mamor_e Prov-
© ince - (13°17°0"S, 64°43'0"W). A fe-
- brile hemorrhagic illness developed.in
. the patient and he was admitted to the -

Hospital German Busch in: Trinidad.

The patient’ recently had been hired
as a farm worker. When first scen by
" the attendmg physicians, he had fever,
"ﬁlrombocytopema leukopenia, pete-

. chias, tremors, gmgworrhaola, and de- .
: .'_'__hydratlon, consistent with symptoms '
- of BHF. The patient received hydra- -

tion, corticoids, antipyretic therapy, .

and a-plasma transfusion.from a BHF
survivor. The patient’s condition. im-
proved and he was subsequently dis-

“charged from the hospital =10 days

after admission.

" Nineteen serum samples coilected
from suspected BHF patients, includ-
ing the cases described above, were

. sent to Centro Nacional de Enferme-

dades Tropicales (Santa Cruz, Bolivia)

“and the 'US Naval Medical Research

Center Detachment (Lima, Peru) for
testing. Serum was injected into Vero

_and C6/36 cells; 10 days later, the cells
- were tested for flaviviruses, alphavi-

ruses, and arenaviruses by indirect im-
‘munofluorescent assay and PCR Five

" arénavirus isolates were obtairied from

the patients described in this report.
* Viral RNA was extracted from the

: cell culture supematant and the small

8430081 Magdalena 94

» . | 924203-unknown
-9430072-Magdalena 84’
9430082-Magdalena 94
8430084-Magdalena 94. |
9430071-Magdalena 94 J.
9430075-Magdalena 54
-~ 9430666- Magdalena 94 -
9430069—Magdalena L)
. 9430076 -Magdalena 94 "

MAF!U 249121-unknown 64 L
100 f‘ 200003427 Huacaraje 00 -

1

0.005

1 FSB2041-Magdalena-07.
*-‘I FSB 2040-Magdalena 07 .
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(S) segment (=3,200 bp) was ampli-
fied and sequenced. Phylogenetic
analyses -were conducted usirig the .
neighbor-joining and maximum likeli-
hood program implemented in PAUP
4.0 software (Sinauer Associates, Inc,,
Sunderland, MA, USA). Sequence :
analyses confirned the isolates as
Machupo virus (Figure). Elght major - .
Machupo phylogenetic lineages were -
described based on partial sequence of
the nucleocapsid-protein gene (2). We '
observed a similar tree topology-based |
-on the glycoprotein gene sequences
(Figure). Two dtstmct lineages were
distinguished among the isolates from
" the .Henez and Mamore provinces:,
V and VII and I and II, respectively.
The recent isolates (2007-2008) from
Magdalena and. Huacaraje . (ftenez
Province) grouped within lineage V
whercas the 2008 :solate from San

‘Lineage VIl
ltenez_

“Lineage VI .
' FSB 2334-Huacaraje OB . Lineage‘v

Iténez C
F5B 2042-Magdatena Lirg

L. Mal!ele-v'llamomes 71
Carvallo AF485260-San Joaquin 63
| Carvalio AY 129248-unkn0m

100 _r— MARU 258667-Vilamontes 71 ILineage il

Lineage | -

100 || Carvallo AY 619643 unknown .
Carvallo NC 005078-unknown Mamore .
MARU 21 BGOG-Saﬂ Joaqisin
Ch:cava AY 924202°San Ramon 93 | | L
100 ! Chicava AY624355-unknown ‘|Lineage. Il )
. FSB 2369-San Raman 08 | Mamore -
. . 9301012-San Ramon-93 - - C o
: MARU.250720-unkniown 69 )
100
—1 ' 222698-unknown 69 ] Lmeage IV
L. MARU 222688 AY 924207-unknown ’

9530537—Guayaramenn 95 | L|neage Vlli

Figure. Netghbor Jcmmg phylogenet:c tree of Machupo vrrus denved from the glycoproteln e
precursor gene sequence. The neighbor-joining and maximum fkelihood analyses yielded -
similat’ phylogenetlc trees.. Boldface indicates 2007-2008 isolates. Numbers.. mdu:ate,. -

bootslrap vaIues for 1,000 repilcales. Sea!e bar mdlcales nucleot;de substltutlons per sale. SRR
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Ramon (Mamore Province) belonged
to lineage 11. These isolates showed
10% nucleotide difference within the
S segment and a 6% amino acid dif-
ference within the glycoprotein pre-
-cursor gene. Similar genetic diversity
Has been described with Machupo vi-
rus and other arenaviruses (2—4). Se-
quences generated were deposited in
GenBank (accession nos. FI696411,

| F1696412, F1696413, FJ6964I4 and'.‘

FI1696415).

It is not known whether Ilneagc :

VII and 1 viriises con_tmue to circulate
" .or have been replaced by lineage V

and I viruses, respectively. This study '

" cdnfirms the. long-term maintenance
of distinct: phylogenetically. forms of
~ Machupo virus in a small area within

Beni. Although ‘the distribution of
the Machupg virus rodent reservoir -~ ©°

"' (Caloriys callosusy extends beyond
"thé geographic area of the Machupo

S ~ cases -described, factors that limit the

endemic distribution of the virus re-
“maijn unknown. However, populatlon

differences. among C. callosus may. .

account for the natural -nidality of
BHF- (5) Studies-are needed to fully

'1denufy and understand. the "écology. -
. of the rodent reservonr and Machupo :

~.virus transmission. .

. Machupo virus continues to cause '
. SpOl’adiC cases and focal outbreaks

. of BHF in :Bolivia. We describe 5

o confired human cases Q3 fatal) of .

Machupo virus' inféction in Bem De-

partment, Bolivia, an area in which .

BHF is endemic.- That all 5,pat1ents
were farmers suggests their infections
were probably acquired through. oc-
cupational exposure, AIthbugh all the

patients received plasma transﬁls;on ’
from patients ‘who- had survived BHF -

infection, 3 patients still died. An early

 diagnosis and the rapid administration’

of Machupo imimune plasma bcfore- )
_ the hemorrhaglc phasc may iincrease: _
" "3. Fulhorst. CF, Charrel RN, Weaver SC,

" the chance of survwal as has been

observcd with other arenavn'us infec-

A Ilons (6—8)

. 1528
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" Relapsing Fever
> ‘Spirochete in

‘Seabird Tick, Japan

" To the Edltor- Tick-borne. relaps-

S T ing fever (TBRF) i§ caused by infec-
1.” Johnson KM, Wiebenga NH, Mackenzic . . & ( RF) Y

tion with spirochetes belonging to
the genus Borrelia. We previously re-

'poned ahuman case of febrile iliness

%P Med. 30o, . '.suspected to be TBRF on the basis
2. Cajimat MN, Milazzo ML, Rollin PE, -

of 'serologic examination results; the
vector most: I:kely Was a genus C‘ar:as :
tick that had fed-on a seabird colony
(7). However, survexllance_ -of ticks in .

"the area did not.identify Borrelia spp. .

in any of the Carios ticks saimpled (2).

- In2007 and 2008, a borreliosis inves-
_ Atlgatlon was conducted on Kutsujima
- Island {35 71'N

"13544) bechnse

cdt;govleld Vol 15 No-9 September 2009
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" the pathophysiology of chytridiomycosis ap-
pears to be distuption to the osmorcgulatory
functioning of the skin and consequent osmotic

compromisc the epidermis explains how a super-
ficial skin fungus can be fata] to many species of
amphibians; their existence depends on the phys-

18.

JRC2009T-052

REPORTS

L. ). Deyrup, in Physiology of the Amphitia, 1. A. Moore,
Ed, {Academic Press, New York, 1954), vol 1,
pp. 251-315,

R h N N S . - N 19, K. M. Wright,.B. R. Whitaker, in Amphibian Medicine gnd
imbalance that Jeads to cardiac standstill. 1ological interactions of the skin with the exiernal Captive Husbandry, K. $h. Wiight, ©. & Whitaker, £ds.

To test whether treating electrolyte abnommal-  environment (16-19). Disease outbreaks capa- (krieger, Malabar, FE, 2001), pp. 316-319. .
ities would reduce the clinical signs of discase, ble of causing population declines require the 2‘;- i_ \éﬂyles t'me:“a Dis. tAg_ualt :Ifrg:n 77, RI_?J 2007). -
we administered an oral clectrolyte supplement’  alignment of multiple variables, including a life- ° A qu::ggr on 6;3"4; iy ertatt, R "Speare, Ois
“to L. coerulea in the .tem_nnal stages of infection.  compromising pathophysiology (7). Resolving 32, p.}. Benos, L ). Mandel, R 5. Balaban, J. Gen. phmal
when they lost the righting reflex and could no  the pathogenesis of chytridiomycosis is a key step 73, 307 {1979).
longer correct their body positions (26). Frogs in mlderstandmg this unparalleled pandcrmc 3. ng- ;’6";’?":557] H. Dietz, T. L Mullen, A L Piyysiol.

: 9 1
under trcatm.cﬂt TC.C(?vcrcd ;} nqnpal posturc and 24, G, A Castillo, G. G. Quce, Comp. Biochem. Physml. A
became more active; one ‘individual recovered References and Notes . 118, 1145 (1997).
sufficiently to climb out of the water onto the = - : 'i:ﬁ;-og';- Cunningham, A. D. ”Ya“' Divers. Distib. . 95 . . Paradis, H. R. Halperin, R. M, Ncwak in Cordioe
Arcest: The Scignce and Proctice of Resuscitation Medi .

cortanet walls, and two individuals wereable 10 5. g sy, . B, Ece-ter. 8, 107 (00 Wiliams & Wilking, Gatiimore 096 p;asz’;—:zs’me
Jjump 1o avoid capture. These signs of recovery 3. L Berger ¢f af,, Proc: Notl Acod, S¢i. USA, 95, 9031 26. See sunparting material an Science Online :

; bserved in any untreated fiogs. In {1995). o6 SUPRAMING y e Unllne. :
were not obs Ly - - 27." 0. R Robertson, Comp. Biachem. Fhisiol A 60, 357 (1978),
addition, freated frogs lived >20 hours longer 4 0. B. Wake, V. 1. Viedenburg, Proc. Nail Acod S USA 38, F.). Gennari, N. Engl. J. Med. 339, 451 (1998).
than untreated frogs mean time after treatment + 105, 1146 (2008). 29. We thank A. Hyatl and V. Olsen for assistance with PCR

SEM: treated frogs (W = 9), 37 £ 2.8 hours;
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enteroviruses, have been implicatéd as possible
" environmental triggers of CFS (J). Patients with
CFS ofien have active § herpesvirus infections,
suggesting an underlying immune deficiency.
. The recent discovery of a gammarerovins,
Xenotropic murine leukemia virus—related virus
{XMRWV), in the wmor tissue of a subset of pros-
tate cancer patients prompted us to test whether
XMRV might be assaciated vith CFS. Both of
these disorders, XMRV-pasitive prostate cancer
and CFS, have been linked to alterations in the
antiviral enzyme RNase L (3—5) Using the
Whitternore Peterson lnsmute s (WPI's) national -
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CFS patients, we identified DNA from a human gammaretrovifus, xenotropic murine leukemia

virus—related virus (XMRV), in 68 of 101 patients (67%) as compared to 8 of 218 (3.7%) healthy

controls.- Cell culture experiments fevealed that patient-derived XMRV is infectious and that both
cell-associated and cell-free transmission’ of the virus are possible. Secondary. viral infections

were established in uninfected primary lymphocytes and indicator cell tines after their exposure to

activated PBMCs, B cells, T cells, or plasma derived from CFS patieits. These findings raise the
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hronin.ﬁxﬁgue' syndmme (CFS) is a dis- ‘

order of \mknown eticlogy that affects mul-

tiple orzan systemis in the body: Patients -

with CFS display abnormalities in inumune sys-
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tem ﬁmcﬁm, ofien inch:ding chronic activation-
" of the inpate immune systemn and a deficiency in

natural iller cell activity (1, 2). A number of

wruses mcludmg ubiqaitous herpesviruses and
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S

- and nane for env (Fig. 1B). In all positive cases,

VP35, and VP42) (fig. S1) (3). -

tissue repository, which contains saimples from
well-characterized cohorts of CFS patients, we
isolated nucleic acids from PBMCs and assayed
the samples for XMRV gag sequences by nested
polymerase chain reaction (PCR} (3, 6). Of the
'101 CFS samples analyzed, 68 (67%) contained
XMRV gag sequence. Detection of XMRV was
confimed in 7 of 11 WPI CFS samples at the
Cleveland Clinic by PCR-amplifying and sequenc- -
ing segments of XMRV env [352 nucleotides (nt)}
and gag (736 nt) in CFS PBMC DNA (Fig. 1A) .
(6). In confrast, XMRV gag sequences were de-
‘tected in 8 0f 218 (3.7%) PBMC DNA specimens
from healthy individuals, Of the 11 healthy con-
trol DNA samples analyzed by PCR for both env
and gag, only onc sample’ was positive for gag

the XMRV gag and env sequences were more
than 99% similar to those previously reported for
prostate tumor-associated strains of XMRV (VP62,

A
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'Fig. 2. Expression of XMRV protefns in PBMCs from CFS patients, {A) PBMCs

were activated with phytohemagglutinin and interleukin-2, reacted with a
mAb to MLV p30 Gag, and anatyzed by IFC. (B) Lysates of activated PEMCs
from CFS patients (lanes 1 to 5) were analyzed by Westem blots with rat mAb
1o SFFV Env {top pane), goat antiserum to xenotropic MLV (middle panel), or

. " goat antiserum to MLV p30 Gag (bottom panel). Lane 7, lysate from SFFV-.
- infected HCD-57 cells. Molecular weight markers in kilodattons are at left. {©

586

" CFS Patients

T P—gapdh_-

Fig. 1. XMRV sequences in PBMC DNA from CFS patients. Single-round PCR results for gag, env, and gapdh
sequences in PBMCs of (A} CFS patients and (B} healthy controls are shown, The positions of the amplicons are
indicated and DNA markers (ladder) are shown. These are representative results from one group of 20 patients, -
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Lysates of activated PBMCs fmm healthy donors (lanes1, 2; 4, 5, and 7) or
from CFS patients (lanes 3 and 6) were analyzed by Western blots using rat.
mAb to SFFV Env (top panel or geat antiserum to MLV p30 Gag (bottom.
panel).’ Lane 8, SFFV-infected HCD-57 cells. Molecular wetght (MW) markers
in kilodaltons are at left. (D) CD4" T cells (left) or CD1F* B cells {right) were
purified, activated, and examined by ﬂow cytometry for XMRV Gag wnh a- ¢
mADb to MLV p30 Gag.
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Sequences of full-length XMRV genoines from

‘two CFS patients and » partial genome from a third
" patient were generated (table S1). CFS XMRV
strains 1106 and 1178 each differed by 6 nt from

the reference prostate cancer strain XMRV VP62
(EF 185282}, and with the exception of 1 1, the

variatit nucieotides mapped {o different locations -

within the XMRV genome, suggesting indepen-

REPORTS

dent infections. In comparison, prostate cancer-
derived XMRV stvains VP35 and VP42 differed

. from VP62 by 13 and 10 nit, respectively. Thus, the

complete XMRYV genomes in these CFS patients
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2 and 4) were analyzed by Westem blots witfr rat mAb to SFFV Env (top panel) or
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. electron micragraph of a budding vival partice fromm- INCaP cells infected by

~ incubation with an activated T cell culture from a CFS patient. (C) Transmlmon
electron mlcrograph of virus pamclﬁ released by infected LNCaP cells.
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Fig. 4.’ Infectious XMRV and amtibodies to XMRV in CFS patient plasma. (A)
Plasma from CFS patients (lanes 1 to 6)-were incubated with LNCaP cells and
lysates were prepared after six passages. Viral protein expression was detected

by Western blots with rat mAb to SFFV Env {top panel) or goat antiserum to MLV

p30 Gag (bottom panel). Lare 7, uninfected LNCaP; lane 8, SFRY-infected HCD-
57 cells. MW markers in kilodaltons are at left, (B} Cell-free transmission of
XMRV fo the SupT1 cell line was demonstrated using transwell coculture with -
 patient PBACs, followed by nested gag PCR. tane 1, MW marker. Lane 2, SupT1-
cocultured with Raji. Lanes 3 to 7, SupT1 cocultured with CFS patient PBMGs.

Lane 8, 10 temp'.ate control (NTC). {C) Normal T cells were exposed to cell- free supernatants obtained from T cells (lanes 1, 5, and 6) or B cells (tane 4) from CES
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were >99% identical in sequence to those detected
in patients with prostate cancer. To exclude the pos-
sibility that we were detecting a muwing leukemia
vims {MLVY) laboratory contaminant, we deter-
mined the phylogenetic relationship among endog-
cnous {non-ccotropic) MLV sequences, XMRV
sequences, and sequences ftom CFS patients
1104, 1106, and 1178 {fig. 52). XMRV sequences

from the CFS patients clistered with the XMRV'

sequences from prostate cancer cases and formed
abranch distinct from non-ccotropic MLV com-

mon in inbred mouse swafng. Thus, the vitus de- .

iected in the CFS patients’ bload samples is

. unlfkeiy to be a contaminant.

To deterrnine whether XMRV proteins were

.expressed in PBMCs from CFS patients, we de-
veloped intracellular flow cytometry (IEC) and

‘Western blot assays, using antibodics (Abs) with
novel viral specificities. These antibodies included,
among others, (i) rat monoclonal antibody (mAb)
to the spleen focus-forming viras (SFFV) envelope

- “(Env), which reacts with all polytropic and

xenotropic MLV (7); (if) goat antisera to whole
mouse NZB xenotropic MLV; and (jii) & rat mAb
to. MLV p30 Gag (§). All of these Abs detected
the human VP62 XMRYV strain grown in human

_ Raji, LNCaP, and Sup-T1 cells (fig. 83) (5).. IFC
- of activated lymphocytes (6, 9) wevealed that 19
. of 30 PBMC samples from CFS patients reacted
" with the mADb to MLV p30 Gag (Fig.'2A). The
-majority of the- 19 positive samples also reacted

with antisera to other purified MLV proteins {fig.
S4A). In contrast, 16 healthy control PBMC cul-

. tures testéd negative,(Fig. 2A and fig. S4A). These

results were confirmed by Western blots (Fig: 2,

:B and C) (6} using Abs to SFFV Env, mousc

.from five healthy donors exhibited no expression

xenotropic MLV, and MLV p30. Gag "Samples

-of XMRV proteins (Fig. 2C). The frequencies of
. “CFS cases versus healthy controls. that were pos-

itive and negative for XMRV scquences were
used to caleulate a Pearson 32 value of 154 (two-
tailed P value of 8.1 x 107°). These data yield

‘an odds ratio of 54.1 (a 95% confidence interval

of 23.8 to 122), suggesting.a nonrandmn asso-
clation with XMRV and CFS patients.
To determine which types of lymphoeytes-in

" blood express XMRV, we isolated B and T cells

fiom one patient’s PBMCs (6). Using mAb to
MLV p30 Gag and IFC, we found that both ac-
tivated T and B cells were infected with XMRV

_ (Fig. 2D and fig. S4A). Furthermore, using mAb

to SFFV Env, we found-that >95% of the cells in
a B cell line developed from another patient were
positive for XMRV Env (fig. S4B). XMRV pro-
iein expression in CFS patient-derived activated
T and B cells grown for 42 days in culture was

_ confirmed by Western blots (fig. S4C) using Abs

to SFFV Env and xenotropic MLV,
We pext mustlgatcd whether the viral pro-

- teins detected in PBMCs from CFS patients rep-

resent infections XMRV: Activated lymphocytes
(6) were cocultured with LNCaP, a prostate can-

“cer cell liné with defegts in bott the JAK-STAT
- and RNase L pathways (10, 11) that Was previ-
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ously shown to be permissive for XMRV infec-
tion (72). After coculture with activated PBMCs
from CFS paticnts, LNCaP cells expressed XMRV
Env and multiple XMRV Gag proteins whea
analyzed by Western blot (Fig. 3A) and IFC (fig.
S5A). Transmission clection microscopy (EM) of
the infected LNCaP cells (Fig. 3B), a5 well as virus
preparations from these cells (Fig. 3C), revealed

90- to 100-nm-diameter budding pariicles con--

sistent with a gamma (type C) retrovirus (13).
We also found that XMRY could be tans-

_mitted from CFS patient plasma to LNCaP cells

when we applied a virus centrifugation protocol
to enhance infectivity .(6, 14, /3). Both 30VRV

gp70 Env and p30 Gag were abundantly ex-:

pressed in LNCaP cells incubated . with plasma
saraples from 10 of 12 CFS patients, whereas no
viral protein expression was detected in LNCaP
cells incubated with plasia samples from 12

“healthy donors (Fig, 4A). Likewise, LNCaP cells

incubated with-patient plasma tested positive for

XMRV p3@ Gag in IFC assays (fig. 35B). We

also observed cell-free transmission of XMRV.
from the PBMCs of CFS patients to the Teell line
SupT1 (Fig. 4B) and both primary and sccondary
transmission of cell-fiee vitus from the activated
T cells of CFS paticats to normal T cell cultures
(Fig. 4C). Together, these results suggest that
both cell-associated and cell-free wansmission of
CFS-associatcd XMRYV are possible. .

- We next investigated whether XMRV stim-
ulates an immune respouse in CFS patients. For
this purpose, we developed a flow cylometry as-

say that allowed us to detect Abs to XMRV Env "~

by.exploitivg its. close homioloy to SFFV Env
(i16). Plasma from 9 owt of 18 CFS patients in-
fected with XMRYV reacted with a mouse B cell

line expressing recombiitant SFFV Env (BaF3ER-

SFFV-Env) but not to SFFV Env negative con-
irol cells (BaF3ER), analogous to she binding of

“the SFFV Eitv mAb to these cells (Fig. 4D and

S6¢A). In contrast, plasma from seven healthy

_ donors did not react (Fig. 4D and fig. S6A).
Furthermore, all nine positive plasma samples

from CFS paticits but none of the plasma sam-
ples from healthy donors blocked the binding of
the SFFV Env mAb to SFFV Env on the cell
surface (fig. S6B). These results are consistent
with the hypothesis that CFS patients mount a
specific immune response to XIMRV. '
Neurclogical maladies and immune dysfune-
tion with inflammatory cytokine and chemokine
up-regulation are some of the most commonly
reported features associated with CFS. Several
retroviruses, including the MLVs and the pri-
mate retroviruses HIV and HTLV-1, are associ-

_ ated with neurological diseases as well as cancer

(17). Studies of retrovirus-induced newrodegener-
ation in rodent models bave indicated that vascular
and inflammatory changes mediated by cytokines
an¢l chemokines precede the neurclogical pathol-
ogy (18, 19). The presence of infectious XMRY
in lymphocytes may accgunt for some of these

. observations of aliered immune responsiveness
" and neurological fimction in CFS patients. -

23 OCTOBER 2009 VOL 326 - SCIENCE  www:sciencemag.org

82

We have discovered a highly significant asso-

‘ciation between the XMRV retrovitus and CFS.

This observation mises several imporisat ques-
tions, Is XIMRV infection a causal factor in the
pathogenesis of CFS or a passenger virus in the
immunosuppressed CFS patient population?
What is the relationship between XMRYV infec-
tion status and the presence or absence of other
virses that are often associated with CFS (e.g.,
herpesviruses)? Conceivably these viruses could -
be cofactors in pathogenesis, as is the case for
HIV-medinted disease, in which co-mfecting path-
ogens play an important role (20). Patients with
CFS have an elevated incidence of cancer (21).
Does XMRV infection alier the fisk of cancer

* development in CFS? As noted above, XMRV -

has been detested in prostate tumors from pa-’
tients expressing a speeific genetic variant of thé
RNASEL gene (3). In'contiast, in our study of this
CFS cohort, we found that XMRYV infection sta-
tus does not correlate with ﬂm RNASEL g genoty]);
{6) (table SZ) -
Finally, it is worth noting that 3.7% of e
healthy donors in our study tested positive for
XMRV sequences. This suggests that several
million Americans may be infected with-a retro-
virus of as yet unknown pathogenic potential..
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" Highly reducing iterative polyketide synthases are targe, multifunctional enzymes that make
important metabolites in fungi, such as lovastatin, a chelesterol-lowering drug from Aspergillus

* terreus. We report efficent expression of the lovastatin nonaketide synthase (LovB) from an

: ‘ngmeered strain of Saccharomyces cerevisiae, as well as complete reconstitution of its-catalytic -
“ " inction in the presence and absence of cofactors {the reduced form of nicotinamide adenine
_ dinucleotide’ phosphate and S-adenosylmethionine) and its parther enzyme, the enoyl reductase
LovC. Our results demonstrate that LovB retains carrect-intermediates until completion of
synthesis of dihydromonacolin L, but off-toads incorrectly processed compounds as pyrones or
-hydrolytic products. Experiments replacing LovC with analogous-MIcG from compactin biosynthesis

. demonstrate a gate-keeping function for this pariner enzyme. This study represents a key step in -

the understanding of the functions.and structures of thls famlly of .enzymes.

e ature uses an amazing array of enzymes
. Nln ke nataral products (7). Among these
) inetabolites, polyketides representa class
.. of over 7000 known structures of which more thian

.20 are commercial drugs (2). Among the most
interesting but Jeast understood enzymes making
these compounds are the highly reduging iterative
polyketide synthases (HR-IPKSs) found in fila-
* mentous fungi (3). In contrast 1o the well-stodied

" bacterial type I PKSs that operate in an assembly

ing fashion (4), HR-IPKSs are megasynthases
_that function iterdtively by using a set of catalytic
-domains repeatedly in different combinations fo
"~ “oduce stracturally diverse fungal metabolites (3).
One such metabolite is lovastating a cholesterol-

lowering drug from Aspergillus terreus (6). This
" compound is a précursor to simvastatin (Zocot,
", Merck, Whitehouse Station, NJ), a2 semi-synthetic
drug that had annual sales of more than $4 billion
- before loss of patent protection in 2006 (7).

Biosynthesis of lovastatin proceeds via dily-

dromonacolin L (zeid form 3, lactone form 2), 2
product.made by the HR-IPKS lovastatin non-
aketide synihase (LovB), with the assistance of a
separaic enoyl reductase, LovC (8) (Fig. 1} LovB
- is a 333-KD) profein that contains single copies of
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ketosyuthase (KS), malony]—c:oalzyme A (CoA)

] acylransferase (MAT), dehydratase (DH), methyl-

transferase (MT), ketoreductase (KR), and acyl- -
carrier protein (ACP)} dorains, as wel as a section ”
that is hamologous to the condensation (CON) .

domain -found in ‘nonribosomal peplide synthe~
tases (INRPSs) (9). It also contains a domain that,

resembles an enoy! reductase (ER) but lacks that -
* activity. LovB must catalyze ~35 reactions and -
" use different permulations. of tailoring domains

afler ‘each of the cight chiain-extension steps to
vield the nonaketide, dibydromonacolin L (2).
This enzyme also ‘catalyzes a biological Diels-
Alder reaction during the assembly process: 1o
form the decalin ring system (70). In viwo studics
of LovB (/1) have been hampered by an inability

. to obtain sufficient amounts of the functional pu-

rified megasynthase from cither 4. ferreus or

heterologous Aspergillus bosts, As a result, the’
programming that governs metaboliie assembly -
by LovB or other HR-TPKSs is not understood.

Key aspecis that remain to be elacidated include
(1) the catalytic and strctural roles of each do-
main in the megasynthase, (ii) substrate specific-
ifies of the catalytic domains and their tolérance
toperturbation in megasynthase functions, and
(iii) factors governing the choice of different

combinations of domains during each iteration of

catalysis. To initiate such studies, we engineered

an exprcss:on system in yeast to produce large

amnounts of LovB and exarnined the influencé

“of cofactors and the ER partner (e.g., LovC) on
- product formation.
- The engineered Saccbamm}ces cerevisiae
‘strain B]5464-NpgA,_wh|_ch ‘tontains a chromo-
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somal copy of the Aspergillus niduluans phospho-

- pantetheinyl (ppant) transferase gene nped (12), was

the cxpression host. A C-terrninal hexahistidine-
tagged LovB was placed under the control of
the 8. cerevisiae ADH2 promoter {13, 14) on an
episomal plasmid (YEpLovB-6His), Abundant
amounts of the intact LovB could be purified
from the soluble fraction to near homogencity
with z findl yield of ~4.5 mg/L (fig. S1). We used

miass analysis of tryptic digest fragments to verify |

the identity of the recombinant LovB. The ACP

.domain of LovB was determined to be nearly
- compleiely phosphopantetheinylaed by using a
. ppant cjection assay with high-resolution quadru-

pole arthogonal acceleration—time-of-flight wnass
specrometry (fig. S2). To ascertain activity of the

rcsu]nng LovB and to examine the necessity-for

cofactors, ma!oml—CoA alone was first added to
the purified enzyme’in buffer, Whale-cell feed-

_ing studies of doubly ['>C, *H]-labeled acetate to

cultur_es of 4. terreus showed that all three ace-~
tate hydrogens were incorporated into the acetate-

. derived stdrter units for both the ‘nonaketide and

diketide moieties inJovastatin (15). The pudified
LovB can use malonyl-CoA for bath chain prim-

. ing and chain elongation, loading rhalonate with

décarboxylation to make the acetyl starter unit.

Although LovB is able to prime with and clongae

the chain by two further condensations. with’

malonyl-CoA, in the absence of the reduced form -~

of nicotinamide adeénine dinucleotide phosphate
(NADPH), no ketoreduction occurs, The domi-
nant product is lactone 3 (Fig. 24, trace 1), which
forms by enolization and cyclization with off-
loading of the unreduced triketide. Addition ol

KR domain, Inthis and subsequent experiments,
the malonyl-CoA could be convenicutly synthe-

-NADPH to this system enables function of the -

sized in situ by malonyl-CoA synthase (MatB) |

from Khizebiawn trifolii using free malonate and
CoA (16). With KR enabled, LovB makes penta-,
tcxa-, and heptaketide pyrones 4 to 6, as well as

~ketones 7 and 8 (Fig. 2A, trace i1). The stnictores
" were confinned by chemnical synthests of authen-
“tic standards, except for heptaketide 6, which

proved very unstable, However; the nass increase

“of 26 atomic mass units for 6 and its red shift in
‘the itrrviolet spectrum when compared io 5 are

consistént, with its proposed heptaketide pyrone

structure (table $3). Compounds 7 and 8 result

stalling 'on the ACP ot the f-keto stage. The re-

 from thicester hydrolysis-of penta- and hexaketides -

sulting -keto acids spontaneously decarboxylate -

* to afford 7 and 8. Formation of compounds 4 to 8

fllustrates that deratlment in the normal pro-
gramned steps, namely the lack of methylation
due to the sbsence of S-adenosylmethionine
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Guidance for Industry

" Recommendations for the Assessment of
Blood Donor Suitability, Blood Product
‘Safety, and Preservation of the Blood
Supply in Response to Pandemic (HIN 1)

o 2009 Vlrus

' DRAFT GUIDANCE

This guidance document is fo'r- comment purposes only.

Submit comments on this draft guidance by the date provided in the Federal Register notice
announcing the availability of the draft guidance. Submit written comments to the Division of
Dockets Management (HFA—BOS) Food and Drug Administration, 5630 Fishers Lane; Rm. 1061
Rockville, MD 20852. Submit electronic commerits to http://www.regulations.gov. You should
identify all comments with the docket number listed in the notice of availability that pubhshes in
the Federal Regrster :

Addztxonal cop1es of thlS guidance are available from the Office of Communication, Outreach
and Development (OCOD), (qIFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852-
1448, or by calling 1-800-835-4709 or'301-827-1800, or email ocod@fda.hhs gov, or from the
Internet at:
http:/fwww fda. gov/BlologzcsBloodVaccmes/GmdanceCorgp11anceRegulatorylnformatmn/Gmda

. nces/default htm

For questions on the content of this guidanc‘c.contact 0OCOD at the phone numbers listed above.

U.S. Department of Health and Human Services -
- Food and Drug Administration
Center for Biologics Evaluation and Research
: November 2009 -
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" Contains Nonbinding Recommendations

. Draft — Not for Implerhentation
Guidance for Industry

Recommendatwns for the Assessment of Blood Donor Suitability,
Blood Product Safety, and Preservation of the Blood Supply in
- Response to Pandemlc (H1N1) 2009 Vlrus

This draft guidance, when ﬁnalized, will represent the Food and Drug Administration’s (FDA’s)
current thinking on this topic. It does not create or confer any rights for or oh any person and
does not operate to bind FDA or the public. You can use an alternative approach if the
approach satisfies the requirements of the applicable statutes and regulations.” If you want to
discuss an alternative approach, contact the appropriate FDA staff. If you cannot identify the -

apprapriate FDA staff, call the appropriate number listed on the title page of this guidance.

I - . INTRODUCTION

This gu:dance document provndes recommendations for assessing blood donor suitability and
blood product safety and mamtammg blood and blood product availability in response to )
pandemic (HIN1) 2009 virus. It is intended for establishments that manufacture Wholé Blood .
and blood components intended for use in transfusion and blood components intended for further_\ :

' manufacture, including recovered plasma, Source Plasma and Source Leukocytes Within this
: guldance “you” refers to blood estabhshments “we” refers to FDA

FDA’s guidance documents including this gu1dance do not establish legally enforceable
responsibilities, Instead, guidances describe the Agency’s currefit thinking on a topic and should .
be viewed only as recommendations, unless specific regulatory or statutory requirements are '
- ¢ited. The use of the word should in Agency guidance means that something is suggested or
recommcnded but not reqmrcd

II. BACKGROUND
A, Epidemiology énd.Pathogenésis

The 2009 HIN] pandemic is caused by a novel influenza A virus of swine origin. On
April 26, 2009 then Department of Health and Human Services (DHHS) Acting
Secretary Charles E. Johnson, pursuant to section 319 of the Public Health Service Act;
42 U.S.C. § 247d, declared a public health-emergency when a novel swine-origin 2009
influenza A (HIN1) virus was identified in California, Texas, Kansas, and New York.

- The pandemic influenza HIN1 virus has since spread quickly to all fifty states.and
globally. In June 2009, the World Health Organization (WHO)-declared a Phase 6 Level

' of Pandemic Influenza Alert. This declaration was based upon a standard deﬁmtlon
- reflecting worldwide spread of'the pandemic (HIN1) 2009 virus and the observed
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efficiency of human to human transmission. Importantly, a declaration of a pandemic is
"independent of the severity of illness caused by the virus or the degree of infrastructure -
-disruption. On July 24 2009, DHHS Secretary Kathieen Sebelius renewed DHHS’ April
- 2009 determination that a public health emergency exists nationwide involving pandemic
influenza HINI that has significant potential to affect national secunty

From April 15, 2009 to July 24, 2009, states reported to the Centers for Disease Control
and Prevention (CDC) a total of 43,771 confirmed and probable cases of nove! influenza
A (HINI) mfectlon Of these cases reported, 5,011 people were hospitalized and 302
people died.'* From August 30, 2009 to October 24, 2009, 25,985 hospitalizations and
2,916 deaths attributed to influenza and influenza-like illnesses have been reported in the
'Umted States (U S.). CDC has developed a model to estimate the true number of cases in.
the U.S. The model took the number of cases reported by states and adjusted the figure
to account for known sources of underestimation (e.g., not all people. with pandemlc

. influenza HINI seek medical care, and not all people-who seek medical care have
specimens collected by their health care providers). Using this approach, it is estimated
that more than one million people became infected with novel influenza A (HINI)
between April and June 2009 in the U.S.?

. The symptoms of human influenza disease caused by pandemic (H1IN1) 2009 virus-are
similar to the symptoms of seasonal flu and include fever, cough, sore throat, runny or
stuffy nose, body aches, headache, chills and fatigue. A significant number of people
‘who have been infected w1th pandemlc (HlNl) 2009 virus also have reported dlarrhea
and vomltmg )

The most severe outcomes have been reported among individuals with underlymg health
. problems that are associated with hxgh risk of influenza complications. Pandemic
" (HIN1) 2009 virus currently remains sensitive to oseltamivir (Tamiflu) and zanamivir
(Relenza), though sporadic cases of resistance to oseltamivir have been reported. At this
time, there is insufficient information to predict how severe the pandemic (H1NT) 2009
virus outbreak will be in terms of illness and death or mfrastructure disruption, or how it
w1ll compare w1th seasonal mﬂuenza - ~

. B. Potential Impact of the HINI Pandemlc on Blood Product Safety and
-Availability ,

There is limited information available on pandemic (HIN1) 2009 virus viremia,
-especially during the asymptomatic period. No case of transfusion transmitted seasonal

! http/iwww.cde.gov/hinl flu/update htm, (Accessed Nov. 2, 2009).

2 CDC discontinued reporting of confirmed @nd probable cases of novel HINI infection on July 24, 2009. The most
recent total numbers of hospltal:z,at:ons and deaths due to HIN1 are available on the CDC wcb31te

httojhwww cde.gov/ind flufupdate htm, (Accessed Nov. 2, 2009). :

", ? hitp/fwwwi.ede.gov/ind flu/surveillancega hitm, (Accessed Nov. 2, 2009).
4 http.l/www cde. gov/h]nlﬂulsrck htm, (Accessed Nov. 2, 2009) S
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influenza has ever been reported in the U.S. or elsewhere, and, to date, no cases of
transfusion transmitted pandemic influenza HIN! have been reported. At this time, the
pandemic (H1N1) 2009 virus has not been isolated from blood or serum of

- asymptomatic, infected individuals; however, studies are ongoing. Furthermore, the
pOtentlal for transmission of pandemic mﬂuenza HIN?1 through blood transfusion
remains unknown. :

- In some previous studies, other [nfluenza A viruses were isolated from blood, and throat
secretions or nasopharyngeal mucosa of children with-clinical manifestations of influenza
(Refs. 1-2). The virus was isolated from blood and throat washxngs of 1/29 healthy |
asymptomatic contacts who became ill 12 hours after the specimens were obtained (Ref
3). From another study, virus isolation was reported from lungs, adrenals and meninges
(from autopsy} which indicated that viremia must have been present (Ref. 4). In humans
experimentally infected by nasal inoculation, viremia was observed in 4/15 subjects using

" sensitive culture methods. Symptoms occurred 2 days after initial viremia and one

patient remained asymptomatic throughout the study period (22 days) (Ref. 5). However,

other investigators were unable to detect viremia in 27 subjects using a similar virus
strain and assay methods (Ref. 6) .

The pandemic influenza: HIN1 virus isa large Ilpld—enveloped virus. Vahdatlon studies
-performed by product manufacturers have shown that viruses with similar characteristics
to the pandemic influenza HINT virus are effectively mactlvated and/or removed during
manufacturing of plasma derivatives.

" Dite to its known potential for rapid spread, pandemic (H1N1) 2009 virus has the

" potential to cause disruptions in the blood supply. A significant number of blood donors,
blood establishment staff, and vendors of blood-related supplies (e.g., manufacturers of
~ reagents and blood bags) could be affected as individuals become ill or need to care for ill
family members. At the same time, during a widespread outbreak of disease caused by -
the pandemic (H1N1T) 2009 virus, it is antmpated that the demand for blood and blood
components may be reduced due to postponement of elective surgery, were'thatto.
become necessary in some affected healthcare settings.

In addition, the usual paradigm for ensuring blood availability in response to local
disasters (i.e., hurricanes) may not be available under severe pandemic scenarios. In_
local disasters, interregional transfer of blood from unaffected to affected areas has been
an effective strategy. However, in a more severe pandemic scenario, international,
national, and regional outbreaks may occur simultaneously and a pandemic wave may
last for months. Therefore, advanced planning is reasonable to prepare for the possible
‘need to mitigate the effects of a more severe pandemle and to help ensure that blood is -
avallable in affected areas

Standard precautions for avoidance of contaet with resplratory secretlons may help to

reduce the transmission of pandemic (HIN1} 2009 virus in blood and plasma collection -
establishments. The CDC has issued recommendatxons for infection control in the
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" community’, places of business®, and in health care settings’. CDC also has issued '
“Interim Infection Control Guidance on 2009 HIN1 Influenza for Personnel at Blood and .

. Plasma Collection Facilities.”® We recognize the importance of the CDC -
recommendatlons for infection control in blood and plasma collection establlshments

III. RECOMMENDATIONS

FDA, in communication with DHHS Office of Public Health and Science, CDC, and the AABB
Interorganizational Task Force on Pandemic Influenza and the Blood Supply, monitors blood
availability closely. Similarly, we anticipate that you will maintain close communications with
your hospital customers to anticipate demand for blood and blood components. -

While shortages are not forecast at present, we are reminding you of regulatory pathways and
providing regulatory clarification that. may be helpful to you both in dealing with the current .
outbreak and in contmumg to stay prepared

We will continue to review any new sc:ent;ﬁc information about the potential risk of transfiision
transmission of pandemic (HINT) 2009 virus. We also will- monitor closely the impact of the
pandemic on blood availability. As our knowledge base grows, we may.revise the ‘
recommendations in this guidance document as appropriate.

Al Trammg of Back-Up Personnel :
' >
' Under 21 CFR 211.25 and 21 CFR 606. 20, personnel performmg critical functions in -
blood establishmeénts must be adequate in number, educational background training and
€xperience, including professional training as necessary, or combination thereof, to
assure comipetent performance of their assigned functions. Given the unknown extent of- -
the disease caused by pandemlc (HIN1) 2009 virus, we recomimend that you have’
‘ adequate back-up personnel, in the event of antlmpatable personnel shortages. We -
. further recommend that where possible, more than one back-up person should be trained
. for each ¢ritical function. Any such back-up personnel should be trained pursuant to your .
ex:stmg training program. We also recommend that as provided in your trammg
' .. program, you document thlS training and/or re-training.

s httoJ/“mu .cdc. aov/hlnlﬂulcruldance/exctusmn htm, (Accwsed Nov. 2, 2009).
" © htip//www.cde.gov/h 1n! flu/business/guidance, (Accessed Nov. 2, 2009). -

? http:/fwww.cde.gov/h1nl flw/guidelines_infection control.htm,. (Accessed Nov 2, 2009)
¥ hitp:/fwww. cdc. govlhinlﬂu/ggtdancefb]ood facilities.htm.
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B. = Blood Donor Suitability, Donor Deferral and Product Management
Blood Donor Suitabilig)

In general, a donor medical history is obtained at the time of blood collection. .
However, under 21 CFR 640.3(a) and 21 CFR 640.63(a), the suitability of a donor
as a source of Whole Blood or Source Plasma, must be made on the day of

~ collection from the donor. These regilations do not explicitly define the term day
of collection. Occasionally, donor’s responses to the donor questions presented.
before colléction are found to be incomplete upon review by the blood
establishment. You may clarify a donor’s response to the donor history
questionnaire or obtain omitted responses to questions w1thm 24 hours of the
collection.

Blood Do'nar Dejérral

. Under current FDA regulations blood donors must bein good health, as.
" indicated in part by normal temperature and free of acute respiratory
diseases on the day of collection (21 CFR 640 3(a), (b)(l) and (4) and 21
CFR 640 63(a) (c)(l) and (M. o

e Available data do not currently support donor deferral for exposure to or
contact with a person who has confirmed or probable pandemlc (HINT)
2009 mﬂuenza or influenza-like symptoms

s -To ensure' donors are in good health on the day of donation as required
under 21 CER 640.3(b) and 21 CFR 640.63(c), donors with a confirmed or -
probable case of pandemic (HI1N1)2009 virus infection should be

" deferred until at least 24 hours after they are free of fever without the use
' of fever reducmg medicatlons and they are otherwise asymptomatic.

«. Available data do not support the deferral of donors following vaccination
" with live attenuated influenza vaccines (LAIV) or inactivated influenza

vaccines against pandemic (H1N1)2009 virus or for prophylactic.use of
the antiviral medications oseltamivir (Tamiflu) and zanamivir (Relenza).
However, consistent with the recommendation above, donors taking anti--
viral medications for confirmed or probable pandemic (HIN1) 2009 virus
infection should be deferred until at least 24 hours after they are free of
fever without the use of fever reducing medications'® and they are
otherwise asymptomatic. :

5 LA daily dose of pedtatnc aspmn {81 mg) is not considered fever-reducing medication,
LYY dmly dose of pcd:atnc aspirin (81 mg) is not: consrdered fever-redicing medication. -
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Blood Product Management

The recommendations in this section apply to donations of Whole Blood and
blood components intended for transfusion. This section does not apply to blood
components intended for further manufacture (recovered plasma, Source Plasma,
Source Leukocytes) since validation studies have shown that viruses with similar
characteristics to pandemxc (HIN1) 2009. virus are effectively mactlvated and/or
removed during manufacturing of plasma derivatives.

-« Upon receipt of post donation information about a donor with confirmed
" or probable pandemic (HIN1) 2009 disease or influenza like iilness within
48 hours after the donation, the Medical Director should evaluate the-
safety of the previously donated products consistent with exxstmg
Standard- Operatmg Procedures (S0Ps).

-~

C. Changes to an Approved Application

- "As provided under 21 CFR 601.12(c)(5), we have determmed that the following changes
. to an approved application for licensed blood establlshments may be submitted as a
“Supplement—Changes Bemg Effccted” ‘

e Use of a different outside test lab, provided the test lab is regtstered wrth FDA and
-~ has been performing donor testing.
«. Implementation of self-administered donor history questlonnarres provided you
. follow thé critical control points described in FDA’s “Guidance for Industry
Streamlining the Donor Interview Process: Recommendations for Self- -
. Administered Questionnaires” (July 2003), and the submission.contains the
content recommended for all'self-administered procedures and computer assisted
interactive procedures outliried in the same giidance.

" The recommendations set forth above supersede the recommendations in FDA’s
 “Guidance for Industry: Changes to an' Approved Application: Biological Products:
" Human Blood and Blood Componerts Intended for Transfusion or for Further
" Manufacture” (July 2001) at section I'V.C and FDA’s “Guidance for Industry:
Streamlining the Donor Interview Process: Recommendations for Self-Administered .
- Questionnaires™ (July 2003) at section IV.A, respectively (in both of these guidances, we
previously had determined that these changes would require a “Supplement — Changes
Being Effected in 30 Days”)

Iv. BIOLOGIC PRODUCT DEVIATION.AND' FATALITY REPORTING

" . ‘Licensed manufacturers, unlicensed registered blood establishments, and transfusion services are.

subject to reporting requirements with respect to the reporting of product deviations under
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21 CFR 606.171. Blood establishments are not expected to submit biological product deviation
reports for post-doriation information related to pandemic (HIN1) 2009 virus, 1fa complication
of blood transfusion results in the fatality of a recipient, blood establishments must report the
fatality to FDA as soon as possible (21 CFR 606.170(b)).

V. . COLLECTION AND USE OF CONVALESCENT PLASMA

Plasma obtained after recovery fromr an acute infection (convalescent plasma) generally contains

highly-specific antibodies.directed at the infectious agent, and has theoretical potential to serve

as a therapeutic product. In consideration that circumstances could arise where vaccines and
antiviral drugs might not be sufficiently available, or where a patient is not responding to

" approved therapies, transfusion of convalescent plasma has been discussed as a possible

. emplrlcal treatment during an influenza pandemic. (Ref. 7-8)

In July .2009, the WHO Blood Regulators Network issued a position paper'! on the collection
and use of convalescent plasina as an element in-pandemic influenza planning. This.paper
recommends that scientific studies on the feasibility and medical effectiveness of the collection
and use of convalescent plasma, and possibly fractionated immunoglobulins, should be explored
. through clinical trials. FDA: éncourages the development of new, safe and effective therapies for
influenza, Because of its experimental nature, collection and administration of convalescent
- plasma should be conducted only tinder an Investigational New Drug Application. Blood
" establishments that intend to manufacture convalescent plasrna should contact FDA to discuss
‘ thelr pians : :

" VI IMPLEMENTATION

This guidance has been issued for comment purposes only. )

- u htm:/Iwmv.who.im'!b!oodproducts/bnﬂBRNPosiﬁon‘-CénvPlasmaIOJuiv09.ndf. (Accessed Nov. 2, 2609).
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Introduction

- Transmissible spongiform encephalopathies or prion. diseases
are a grouvp of fatal neurodegenerative disorders, ichuding
. Creuzfeldt-Jakob disease” (GJD),” Fatal Farnilial Insomnia (FFI)
and Gerstmann-Straussler-Scheinker disease (GSS) in humans,
scrapie in sheep and goats and bovine spongiform encephalopathy
(BSE).in cattle {1].
The wansmission of clinical prion diseases is limited by the so-
called “specics barrier” to conversion of endogenous host prioh
protein’ (PrP%) to its abnormal, partially proteinase K-resistant
confonnaf.mnal wofon'n, PrP>, When high enough, this “barrier”
can greatly impair or prevent potential interspecies transmissions,
even under optimal conditions of dose and: infection route.
How::vcr, evidence of TSE replication w:thout accompanying
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symptoms of clinical disease has prompted debate on the existence

of asymptomatic infected individuals in an exposed population
(2,3].

The identification of apparcnt PP m-thologues n lower

vertebrates, including fish [4-16], raises the question of their

susceptibility to prion discases. While fish PrP-like sequences do
not share high homology with their mammalian relatives {Table
S1), they do contain several strongly conserved prion protein
structural motis {17]. Although mammalian to fsh TSE

-transroission is_considered unlikely [18], it is not certain that the

species barrier would be high encugh to prcvent TSE transmission

- to fish.

The BSE eplderruc has beén linked to TSE—mfected cattle feed -

_{19] and the recognition of BSE in- domestic cattle inevitably

raised concerns about the potentizl risk to other ruminant and

July 2009 | Volume 4 | Issue 7 | 6175



non-riminant livestock [20]. The European Cormission’s TSE
risk-reducing measures include a total EU-wide ban on the use of
all processed animal protein in livestock and aquaculture feeds.

Any consideration of lifting this ban requires a scientific assessment

of the TSE transmission risk through fishmeal. Another issue to be

addressed is the rising concern that. pigs, poultry or fish bred for .

" human consumption and inadvertently fed with TSE-contaminat-
ed feed could eventually éither develop clinical TSE or serve as
reservoirs of infectivity without ever displaying clinical disease
themselves. Such an assessment should consider the risk -from
TSE-contaminated feed being fed to farmed fish [18,21]. In
aquaculture, a rapidly growing industry of cconomic importance
in several EU countries, the farmed fish receive commercial feed
containing 40-55% proein during? the 12-20 months they
generally spendin aquaculture’ facilities. Although remote, the
possibility that same of this feed might be comammated w:th
mammalian prion cannot be excluded.

In the present work, we evaluated the potcxmal transmission of

TSEs to gilthead sea bream, 2 commercially important fish species.
After force-feeding with multiple doses of brain homogenate
prepared from either healthy or naturally BSE- or scrapie-infected
cow ar sheep, the fish were monitored for 2 years for evidence of

disease development by clinical, histopathelogical and immuno-.

histochemical criteria. Nene of the fish examined, showed
symptorns of clinical disease. However, signs of nénrodegeneration
were often present and abnormal deposition was detected in the
brains of both the scrapie-challénged and the BSE-challenged fish
by 24 months post moculauon

Results and Discussnon

To evaluate lhc clinical state o[' the fish, we momtored control
and TSE-challenged populatlons on a daily basis. Sinee locomotor

_ deficits ‘are offen 2 major featare of the clinical pmsentanon of
_prion diseases in & variety of hosts, we used the swimming behavior
of the challcnged fish as an indicator of their general activity and
explora‘tory behavior. No chinical symptoms, . mcludmg erratic
‘swimming or behavioral abnormalities, were observed in any of
the groups monitored, Although unusual in prion dgcasc, a similar
absence of clinical sympioms upon interspecies challenge has been

- reported for both the first passage of sheep scrapie and hamster
prion transmission to mice [2]. In these cases, subsequent passage
of brain material from the challenged individuals to additional

mice did produce clinical disease, thereby demonstrating that’

asymptomatic animals can harbeur high levels of infectious prions
in their brains. Additionally, it is important 10 note that while
‘certain mpenmcnta.ﬂy or virally induced neurodegenerative effects
do modify swimming parameters in fish, such as the swimming
distance and orientation, the mean velocity, the turning angle and
the equilibrium [22-24), this is not always the case. For iristance,
while both sea bass and sea bream can be infected with nodavirus,
a naturally occurring piscine virus that causes brain lesions in both
species, sea bream, in contrast to sea bass, show no clinical
‘symptoms of disease {25, 26).

.- To facilitate our evaluation we generated polyclonal antibodies
. against four different fish PrPs. The specificity 'of cach antiserum
was confirmed by both western blot (Fig. $14) and immunohis-
tochemistry (IHC) (Fig.. S24-C) with normal sea bregm brain,
Furthermore, anti-mammalian PrP antibodies (6H4, 12F10) did
not stain sea bream brain, nor did our ant-fish PrP antisera
recognize thammalian PrP> (Fig. 31B). Moreover, absorption. of

our SaurPrP1 (Sparus aurata FrPl) antisera with recombinant sea -

bream PrP-] protr_m {6] against Whldl it was raised, multcd ma

'@ PLoS ONE | www.plosone.org

99

TSE Transmission to.Sea Bream

complete loss of its specnﬁc :mmunc:sta.mmg in control fish (Fig.
S52D).

Iratially, in order to determine- zhe distribution of nommal
endogenous PrP in the central nervous system of gilthead sea
bream, we used our polyclonal antisera to perform a detailed
immunohistochemical evaluation on brain sections from control
fish. Regions displaying abundsnt PrP included the optic tectum
(Fig. 1A), valvula cerebelli (Fig. 1B) and corpus cerebelli {Fig. 1C),
while stroug PrP-immunapositivity was generally observed in the

_ nerve fibers (Fig. 1D). The most prominently stained regions of the

optic tecturn, homologue to the superior colliculus in mammals
[22], were striatusn fibrosum marginale (Fig. 1A and Fig. S2A, B)
and striatum fibrosunt profundum {Fig. 524, B). Less intense
labeling was observed in the striatum griseum centrale and

_ striatum plexiform fibrosum externum layers of the optic tectum

(Fig. 1A and Fig. S2A, B). Cérebellar PrP-immunopositivity was
detected mainly in the molecular layer, between Purkinje cell -
dendrites, and in the granular layer, in the matrix surrounding the
granule cells (Fig. 1C). The valvula cerebelli, a rostral protrusion of
the cérebellum in the midbrain ventricle that has no counterpart in

‘mammals, showed significant PrP-immundpositivity, similar to

that observed in the molecular and granular layers of cerebelium
(Fig. 1B and Fig. S2A, B). In ceicbral regions, including thalamus,
medulla oblongata, .diencephalon and the lateral telencephalic
pallivm, proposed to be -a homologue of the mammalian
hippocampus [22], we observed intense labeling of fiber bundles
{Fig. 1D), consisting primarily of dendritic and axonal prolonga-

-tions in the neuropll The same general PiPC expression pattern
- was observed -in cha]lcnged and control- populations, with no

variation detetted over time. The remarkable similarity of the
overalt nnmunolabehng pattern obfained with our SaurPrP1 -
antiserum in sea bream brain to the PrP-immunostaining profile in
the mammalian brain {27 28} provided further assurance of the .
specificity of our antibody for piscine PrP. - .
At the intracellular level, staining outlining the neuropal body
was present in most of the neuronal populations observed, e.g- in
the large neurans of the brainstem (Figure 1E). Axons displayed
intense staining, while diffuse staining was observed inside some of -

* these ncuronal somata, suggesting a degree of PrP-immunoposi- .

tivity within cell departments, e.g. the Golgi complex (Fig. 1E).. |
These findings suggest that the intracellular localization of PrP in
fish brain is comparable to the neuronal intracellular localization
of mammalian PrP [27,29).

To test for pathology in selected peripheral tissues, we examined..
intestines and spleens from TSE~hallenged fish, sampled at
different UIHCPOIIIE No lesions or any other abnormalities were - -
revealed in comparison to the control individuals. Intestinal PrP:
immunoreactivity was evident in the serosa, myenteric plexus and
submucous plexis (Fig. 1F). At all tirmepaints, PrP-immunclabel-
ing in spleen and intestinal tissue was similar in both TSE-
challeriged and control fish and revéaled no PK-resistance and no
lesions or any ‘other abnomalities. ' ) '

Detailed examination of brain sections revealed no ‘histopath-
ological evidence of disease in scrapie—challenged "sea bream
through 18 months post inoculation (p.i.). At 24-months, however,
2 out of 5 fish showed limited abnormal, PrP-immunoreactive,
PK-sensitive, extracellular deposits (Table S3B) in the neuropil of
brairistemn, diencephalon, corpus cerebelli, valvula cerebelli, optic
tectum and telencephalon (Fig. 2). Whilst the number of animals
where plaques were found was too small to reach statistical’
significance, based on the high likelihood that the fish examined
developed no plaques, we believe that the observation of
aggregates in'2 out of § fish at the final time point could be
consldercd as "an important event of qualitative {and not

" July 2009 | Volume 4 | lssue 7 | e6175
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Figure 1. Normal PrP* distribution in CNS and peripheral tissues. Sagittai, 4 ;un-thtck brain and lntest]ne sections From control fish were
treated with SaurPrP1 {1:2000 and 1:250, respectively) and normal endogenaus PtP labeling in different anatomical regions was examined. A, Optic
tecturn; B, Valvula cerebelli; C, Corpus cerebelli; D, Nerve fibers in diencephalon; E, Neurons in brainstem; F, PrP-immunoreactive areas in the
intestine, Rectangles indicate areas of magnification shown in the panel direcily below. Arrowheads show positively stained regions. SGC, striatum

griseum centrale; SPFE, striatum plexiforme et fibrosum extemum; SFM, striatum fibrosum marginale; ML molecular layer; GL ‘granular layer, m, -

plasma membrane; a, axon; ¢, cytoplasim. se, serosd; mp, myenteric plexus; sp, submucous p!exus Scale bars, 100 pm.

doi:10.1371/journal.pone.0006175.g001- .

quantitative) value (Text 81). No lesions were detected in the
control fish force-fed normal sheep brain homogenate (Fig. 83 and
Table S3B).

' Plaque-like deposits werce also observed in the brains of the BSE-
challenged fish, beginning at earlier timepoints. Initially, at 8
months p.i., the majority of these aggregates were localized in
brainstern, less in diencephalon and optic tectum, and even fewer
in valvula, cerebelli, cerebellum and telencephalon-(Figure 3D-F).
Just 10% of the deposits were PK-resistant and these had a mean
diameter of 5 gtm. Subsequently, we observed a general
progression in their distribution, size, PK-resistance and morpho-
logical features. The incidence of the abnormal deposition was
. higher in fish sacrificed at earlier time points than at intermiediate
" time points. However, the highest levels were measured at later
time points, evocative of thie phenomenon described in other prion
cross-species transmission studies as an “eclipse” period [30].

Further analysis of the spatial and temporal progression
revealed that with increasing time p.i, the deposition became
-more prominent in rostral brain regions, although caudal regions

"@ PLoS ONE | www.plosone.org
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continued to be affected, By 24 months pJi., depbsition in the . .
brains of the, BSE-challenged sea bream presented a striking -

picture, in which three out of five fish showed 500800 deposits

* each, 70-85% of which were PK-resistant with a mean diamett?r
" of 30 itm. With kegard to the remaining two fish, one displayed

approximately 150 deposits, 33% of which were PK-resistaut and
the other showed only limited signs of abnormal aggregation.
While depaosits continued to be distribated throughout the brain at
24 months p.i, in the three highly affected fish the greatest
increases in deposit numbers occurred in brainstem  and
diencephalon. The progression of the abnormal deposition is
apparent in Fig. 3. and summarized in I"xgs. 4 and 5 and Tables
53A and 54, )

In contrast to the BSE—chailcnged fish, no aggrcgatcs were
detected 4t any time in the brains of the control fish fed with
normal bovine brain homogenate {Fig. S4 and Table S34).
Notably, none of the brain tissues posifive for abnorrnal deposition
showed ‘evidence of neuronal body degeneration. Finally, no
residual mammalian PrP% was detected using 12F10 and GH¢
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Fig_'pi'_ez,"l?l\'t_;igié:s's'foﬂzbi abormal deposition in 2 scrapié-chal

allen, ., 330t
ndnths Pk were stained with FIBE (A, D), ar treated with SaurPeP1 (1:2000) withiit PK-Hige
5

dieficéphalon. The fmean number of deposits (per section of fish contalning depas
indicated by the fiil-type in the schematic.drawings at the far léft. CCe, corpus cerebel
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! C, F). lmages show
t br ions out PK-treatrnent is
; Hyp, hypothalamus; LI, lobi inferioris; MQ,

medulla oblongata; OB, olfactory bulb; OC, optic chiasm; CIN, olfactory nerve; OT, optic tectum; P, pituitary; POA, preoptic ares; SC, spinal cord; Tel,
- telencephalon; TL, torus longitudinalis; VCe, valvula cerebelli. The folldwing areas were not examined: OB; OIN; OC; P. Rectangles indicate areas of

- magnification shown in the panels directly below. Arrowheads indicate the abnormal aggregates. Scale bars, 100 pm.

LY

dol:10.1371/journal.pone.0006175.9002

mongclonel antbodies (data not shown). Overall, these dat.a'

suggest that while both TSE strains resulted in similar abriormal
brain pathology, the brains of BSE-challenged individuals were
more rapidly and severely affected than those of scrapie-
-challenged fish. BSE, known to be a zoonotic TSE, may represent

a thermodynamically favored PrP* conformation that is permis-’

sive for PrP expressed in a wide range of mammalian species [31].

" Despite this permissibility, however, attempts to orally transmit

BSE to pigs and chickens have failed {32,33].
To characterize the nature of the deposition, we employed a

" “variety. of conventional staining techniques. Congo red-stained

deposits in BSE-challenged sea bream brains at 24 months p.i.

were “congophilic (Figs. 6A and 7B) and birefringent under

polarized light (Fig. 6B), suggesting an amyloid or amyloid-like
component {34]. No Congo red birefringence was observed in

either the contral tissues or the scrapie-challenged fish brains (data

not s}iown). ‘While thie plaque-like aggregates were prominerit with

- hernatoxyline and eosin (H&E) (Fig. 7A), Klitver-Barrera staining

A "@E' PLOS ONE | www.plosone.org

for myelin structures and von Kossa . staining for calcium
- deposition both gave negative reactions (data not shown). Deposits
were also PAS positive (Fig. 7C) but Alcian blue negative {Fig. 7E),
indicating the presence of carbohydrates and the absence of acidic
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lycosaminoglycans, respectively. Finally, our four anti-fish PrP .

antisera positively labeled the deposits(see Fig. 7D for SaurPrPl}),
whereas the 12F10 and 6H4 antibodies did not (data not shown).
Two main types of plaque-like deposits were identified in the

brains of the BSE-challenged fsh: fibrous, diffusely stained-
aggregates (Fig. 8A, D, G, ]), and those that were more amorphous -

and dense (Fig. 8B, E, H, K). At 8 months, small aggregates,
generally in close proximity to neurofbrils, were detected, whereas
the majority of the "adjacent fiber bundles remained intact
(Fig. 3D-F}. At 10 and 12 moriths the first signs of neurodegen-
cration appeared as a primitive disorganizatton of dendrites and

axons. By 16 and 18 months, the distention of neurites, mostly in -

grey matter, was exacerbated. The extensive deconstruction of

.microfilaments within the axons and the loss of their coherence,

especially at 18 months, were detected histopathologically.
Aggregates of “dystrophic newrites were immunostained with
SaurPrPI," exhibiting a diffuse PrP-immunolabeling with some
marginal spicule-like prejections (data not shown). At 24 months
the diffusely immunolabeled aggregates of dystrophic neurites
{Fig. 8A, D, G, J) coexisted with deposits that appeared more

amorphous, condensed and flocculated and therefore were more .
 intensily stzined with all the techniques nsed (Fig. 8B, B, H, K), +

July 2009 | Volume 4| Issue 7 | e6175
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Figure 3. Progression of abridrmal deposition in BSE-challenged fish. Sagittal brain sections from BSE-challenged fish taken at the indicated
times p.i-were stained with H&E {A, D, G, or immunolabeled with SaurPr?1 (1:2000) without PK-digestion (B, E,H) and with PK-digestion (C, F, I),
. Images show diencephalon, The mean number of deposits {per section of fish containing deposits) observed in different brain regions without PK-
treatment is indicated by the fill-type in the schematic drawings at the far left. Abbreviations as in Figure 2. The following areas were not examined:
0B; OIN; oGP, Rectangles |nd|cate areas of magnrﬁcauun shawn in the panels directly below, Amowheads indicate the abnormat: aggregates. Scale

bars, 100 pm.
. doic10.1371/journal. pone.0006‘| 75.g003

Given l-he; morphological progression of the abnormal deposi-
tion. with time, it is tempting to hypothesize a scenario, in which
the first type ‘of aggregates (Fig. 84, D, G, J) could have been the

-developmiental ancestor of thé second (Fig. 8B, E, H, K) and in -

which ‘¢ach may Hustrate different stages of pathegenesis. The
distention of axons and dendrites observed at 10 and 12 months

p.L reflects an initial neurodegenerative process in the brains of the.

'.:@g: PLoS ONE | www.plosone.org
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BSE-challenged fish that may have bt;cn a very early reaction

following. cxposwre to .the infectious agent. The coroplete

destruction -of the protective’ outer néwrite layers, including the -
myelin sheath, followed by the disorganization of the microfila-
ments and ‘micratubuli could have subsequently created the first
morphological type of aggregates initially detected at 16 and 18
months, These “pre-mature™ deposits mainly consist of dystrophic-

July 2009 | Volume 4 | Issue 7 | e6175
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Figure 4. Abnormal deposits in the brains of the BSE- and the_-scrapie-challenged fish with reference to time. Each dot corresponds to
the number of aggregates observed per brain section in each individual before PK-treatment {A, D) and after PK digestion (B, E), or to the
percentage of PK-résistant aggregates in each BSErchallenged fi sh {C). Bars indicate the means and the standard error means (SEMs),

clm 10.1371/journal.pone.0006175.9004 . . .

'neuntes that have lost their cohcrcnce, with spicule-like projec- - homogenous, flocculated, extracellular material that we’describe
tions, at their periphery Fiz. 84, D, G, ]). Given that aggregates =~ as “maturc”: deposits (Fig. 8B, E, H, K), with increased PrP-
were partially PK-resistant and showed aﬁimty for Congo red by - immunopositivity, PK-resistance, congophilia and birefringence in
24 months, the next step in the progression may have been the  polirized hght [35). Fish brains at 24 months post inceulation
cornplete deconstruction of thé fibers lcadmg to’ the creation of a exhibit bath types of abnonna] aggregates, mcludmg ‘intermediate )
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Figure 5. Progresswa increase in the size of protemase K.
resistant deposits in BSE-challenged fish. The mean dlameler of
the immunchistochemically detected (SaurPrP1) deposats after protem—

ase K—digestion Is given with reference to time pi..” ~ ’
doi:10.1371/journal.pone.0006175. 9005 ) s

states (Fig. 8C, F, I, L) that cannet be easdy classifiéd intp any of
the previously deseribed morphological categonm .
The classical neuropathological hallmarks of prion djsea_s_c;s

mclude ncurodcgcneratlon §pong1form ‘change and gliosis, while - .
- defined neurodegenerahon might be relaied to the ahility of fish to
. 'produce new neurons contifuously throughout their hfctnnc. Ieis

PP depos:uon is observed in the majority of TSEs. The legidri
profile in the brains of the BSE-challenged fish shares _both
- similarities and differences in comparison to this h.ustologxcal
immunohistochemical pattern of mammalian prion * diséiisés.,
Specifically, the distribution of abnormal aggn:gates w:i.hm the’
‘brains of 4 BSE-challenged fish at 24 months p.i shared cextain
s:xmla.ntms with the PP deposition pattern, obsc:rvéd in TSE-

'dcposxuon in sea brearn hi

TSE Transmission to Sea Bream

affected mammalian brain. Notably, the abnormal deposits in sea
bream brain were only detected in regions where neuronal
parenchyma was present, a feature greatly resembling the location’
of mammalian ption deposition [36]. Cerébellum was extensively
affected, with large fibrous aggregates in theé molecular layer and a
granule-Tike dcpos:tlon p:oﬁ[c in the grémular layer, a pattem
similar to that observed in a.mmalla.u TSEs {37] The abnormal
was also prommcnt both in the
lateral nucleus of the w:mral telenccphahc area, a fish counterpart
to the basai nueleus of Mcyncrt 1n rammals [38), and the lateral
telenccphahc pallmm homolog‘ut: 1o, the: manunahan hippocam-
pus [29]. Both malamus and diéncéphalon displayed numerous
aggregates, -most ‘of which were interspeised . within neuronal

:___ﬁbi:rs In striking contrast to the gcncral neu.ropathologxcal profile

zgilan TSEs, however, ni

0lcs were obscrved in any

| reglons "of the fish brains exdmin W};.llc spongms:s is a main
. characteristic in most prion dlseass, it must be noted that in

certdin TSE subtypcs theré is httIe orop spongxfonn change Such

-has becn the case in patients suﬁ'cnng from ‘FHI, an inherited

human prion discase [39].

‘Evidenée of neurodegeneration, allhough distinct from that
commonly associated with mammaliah prioi disease, -was
dppargnt in many brain regions, pnma:niy in, places where the
abpormal deposition was located adjacent to or within complexes

" of neurites (Fig. 8C, L). Itis important to noic, hiowevez, that no
'degeneratmn ‘associated with neuronal somata wis-defected in any

of the #natomical regions t:xammcd. ‘The absence. of classically

o, for instance, that adult fish can regenerate. dau:na.gcd retinal
issue, optic axons and descend.mg brainstern_aions, leading to
functional recovery [46, 41}. In fact, ‘this abﬂlty of adult fish for
CNS regeneration -has been postulatcd to explain the asymptom-

. atic carrier state of, ha]xbur. pcmstenﬂy infected With nodavirus.

Flgure 6, Congo rad stamtng of deposns in the brain of BSE—chailenged sea bream. A sagittal, 70 p.m—bram section from a BSE—chaIienged
individual, 24 months p.i, was stained with Cango red. A, Diencephalon with light microscopy; B, Same region in polarized fight. Rectangles mdlcate
~ areas of magmﬁcaflon shown in the panel directly below Arrowheads ind:cate the abnormal aggtegates Scale bars, 100 pm,

dok10.1371/j oumaLponeOOOG‘l 759006
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Figure 7. Staining of an aggregate in the brain of a BSE-challenged fish 24 months p.i. with diffefent techniques. A, HEE: B, Congored |,
in normal light; C, PAS; D, IHC (SaurPrP1) after PK-digestion; E, Alcian blue. Rectangles in the left panel indicate areas of magnification shown in the .
right panel. Scale bars, 100 g {left panel) or 10 pm (right panel}, : : s . '
doi:10.1371/journal pone.0006175.9007 ’ oL
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»

. Figurae 8. _Morpho!ogy of the abnormat deposntuon in the brains of the BSE-challenged fish 24 months p.i.. Sagittal 4 pmethick brain
sections where stained with hematoxy!m without a counterstain, pH variation renders the depasits visible by light microscopy. The panels on the feft
show diffuse “pre-mature” deposits in A, diencephalon; D, optic tectum; G, cerebellum; J, brainstem. The middie panels display examples of
compact.“mature” deposition in B, diencephalon; E, optic tectum, H, cerebelium; K, telencephalon. The panels at the right show intermediate stage-

abnormal deposition within fiber bundles that disrupts synapses in C, diencephalon; F, optic tectum; I, valvula cerebelli; L, telencephalan. S, spicute-

like projections; CM, condensed material. Scale bars,. 10 pm.
doi:10.1371/journal.pone.0006175.9008

.[42). In the present study it may have contibuted to the “eclipse-
like” temporal appearance of the abnormal deposition, as well as
to the lack of clinical symptoms in our BSE-challenged fish.
Despite the positive [HC results, western blotting failed to detect
" PK-resistant PrP isoforms in the TSE-challenged fish brains (Fig.
85), possibly because the whole brain homogenates used did not
have a high enough concentration of PK-resistant PrP to allow
detection. In fact, it is clear from the IHC results that even at 24

:@ _PLOS ONE | www.plosone.org

e

106

months p.i, the brain regions associated with the abnormal
deposits_constitute only 2 small percentage of the whole brain
mass. . . : :
The resolis of this TSE transimission study with gilthead sea
bream indicate the development of a CNS histopathology in the

‘brains. of the fish challenged with the TSE-inocula. This

neuropathology displays characteristics resembling a navel fish

.amyloidosis more than a ‘classical TSE. Specifically, while the fish

July 2009 | Volume 4 | Issue 7 } 6175



- i our stady showed no brain spongiosis and mo clinical’

abnormalities, we did find numerous plaque-like deposits in the

. brains of a significant proportion of the BSE-challenged fish,
" . especially. Although much of the PrP associated with these

"deposits is PK-sensitive, this should not be taken as an indicator of

low potential infectivily, as instatices of clinical prion disease, and

‘even infectivity, associated with extremely low levels of detectable -

PK-resistant PrP have been reported [43-—45).

In light of the serious ramifications that would follow an
unequivocal demonstration of prion disease transmission to fish, it
must be emphasized here that the abnormal deposition we
observed in the brairis of the TSEchallenged fish could possibly
have resulted from pathogenic factors other than I.hc -prions they
. weje fed. Despite the fact that no such naturally occniving, cross-

Spcc:ﬁ_ infectiolrs E‘om marimals to fish have ever been reported

- [48], we cann t'completcly rule out this possibility. Thus, howeyer

u.n.hkcly, ofie: must consider the possibility that the brains used to -

prepare hic i X
undetectéd viris or bactcrla. in addition to the scrapu: of BSE
prescot. Together, the time coursé of brain lesion appearance, ie,
morths riot days, the ahill.ty of tb.e agent to survive the aral

ocuia for the TSE challenge were mfectf,d mth an.

challcnge routc, the absence of brain histopathalogy in any of the

‘control groups and- the production 6f novel hs.stologxcal lesions in
"both the BSE- and the scrapxc—c.ha]lcngcd fish, in the absence of
inflaination, however, make this possibility a remote one. A’
moré p]austblc altematc explananon would Be that. the amyloido-
genic_ nature ‘of tlm TSE-itiocula might have conmbutcd to the
development of & niovel fish brain amyloidosis.
Infcctm ; and trammmsxbﬂxty are crucial issues that still need to
pgxb!ic hiealth standpoint, the n'ah_'énﬂssibi]i_ty‘
C in’ and the relative ease with which it crosses
"~ speciés’ bamers, afe, i most significant characteristics. ‘I‘he
specf:rum af pnonopatlucs, yv}m:h has broadened in recent years,
mdudes pribn diseases that are riof readily ransmissible {e.g. some

. G5S ases), ‘piion strains often assotiated with negligible clinical -
. . symptoms {cg. the Nor98 scrapie strain), and even some without

detectable PrP™° (eg. PSFr) [44,47,48]. It is clear, then, that the
cvaluauon and identification of both unusual prion diseases and
pnon diseases affecnng unusual hosts is a complex task, Jrequiring
lengthy studxe_s of pathogenesis, infectivity and transmissibility

TSE Transmission to Sea Bream

a fiirther thrée weeks of acclimatization bcfon: mcpenmental
manipulations were initiated.

Preparatlon of inocula

For the forcé feeding of the fish, 10% (w/v) brain homogcnates
from scrapie-infected sheep, healthy control sheep, BSE-infected
cow and healthy control cow were prepared in FBS (pH 7.4). For
the sheep brain homogenates both cerebellum and brainstem from
two animalks were used (kindly provided by Dr. P. Toumazos,
Veterinary Services, Cypriot Ministty of Aggiculture), while the
bovine brain homogenates were each prepared ffom the brainstem
of a single animal. The BSE sample (RBSE 21028), taken in 1991
from a female Fresian two months after disease onset, was kindly
provided by,Dr Ian Dexter, Pathology Department, Veterinary
Lahgratories Agency, Weybidge, UK. As healthy herdmiate tissue
was not available, the healthy control bovine brainstem was taken
from = local Greek cow in 2002. Al bram samples were stored at '
—80°C pnor to use. .

Challenge and mamtenance

For moculahons, fish were removcd from the tanks and l‘mldly
anaesthetized with 0.3% clhylcne glyc:ol meniophenyl ether.
Following anaesthesia, each fish was force-fed 100 pl brain
homoge.nate In total, 2 g‘mups of 400 fish eagh were each
treated with scrapic-inféctéd or coritrol sheep brain homogcnatc

_and 9 groups of 200 fish each were cach treated with BSE-infected

or control boving brain homogcnatc For both the experimerital
and cémtrol “groups, “the f'on:e-feedmg ‘procedure was repeated

- fortnighdy for a total of five treatments, so that the cumulative

inotilum for each. fish was 50 mg brain equ.wa.lcnts Following the
mocu]ahnn pcmd all fish were kept on u;maintenance diet with

. commcrcmlly available” chow - o prevent excessive growth and
_'_overcrowdmg diiring’ | I:hc muluycar study pcrmd Data rcga.rdmg

causes and sa.mplmg a.rc e shown in T:}ble s2.

Cllnrcal exarmnatlon
Clinical evaluation of the fish in each tank was ma.d.c on & dzuly

_“basis, chcck:mg espeaally for any ‘behavioral or swimming ]

[49}. Untll ongomg transmission studies using ““bovinized” -

transgenic mice are completcd the possibility that the aﬁ'cctcd
- e bream bra.m tissue night be infecdous, must be- takcn $eriousty

in dny £onsideration to lift EU feed bans, tspecmlly those related -

to farmed fish:

Materia[s and Methods

Ethrcs Statement

All fish used in the experiments. d.cscnbcd in this work were
treated in accordance with EU Council Directive 86/609/EEC
for the protection - ‘of animals used for expcnmental and other
scientific purposes.”

. Flsh .
- Sixteen hundred gilthead sea bream of approximdtely 20 g
weight were purchased from a commercial farm (Interfish,

Greece). At the commercal farm, before purchase, fish were fed -

- commercial pellets (Biomar), none of which contained protein
sources-derived from land animal products. After transportation to

abnormahtms . .

Hlstopathological evaluatlon

Individuals from each group (5 TSE-treated and 5 controls)
were sacrificed at tégular, selected time points post inoculation (3,
6, 8,10, 12, 14, 15, 18, 94 months) and tigsue samples, including
bram, ‘spleen and intestine, were taken, Tissues were fixed in
buffered formalin (pH 7.4), embedded i in paraffin wax and finally
4 pm-thick serial sections were. subjected to conventional staining
with a variety of staining techniques including H&E, PAS, Alcian
blue, von Kossa and Kliiver-Barrera. The resulting sections were
examined hlsf.ologu:a]ly using .light microscopy (Axioplan 2
Imaging System, Zeiss), Tissue pictures were taken using the
Nikon Digital Sight DS-SMc visualizing system.

Cango red staining ' .
For the identification of possible amyloid-like structures, 10 jtm-
thick brain sections were deparaffinized, stained with 0.5% Congo

" red (Merck, Danmstadt, Germany) alcohol solution for 15 minutes,

. the laboratory (Fisheries Research Institute, Kavala, Greece), they -,

- were maintained at 18°C. in temperature-controlled recirculating
water tanks. Aftér a two week adaptation period, the fish were
divided into groups of 200 in separaté tanks. The fish were allowed

5@ -PLOS ONE | www.plosone.arg-
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destained in 0.2% KOH, subscquenty counterstained with

.Maycrs hematoxyline, and after a shert dehydmtlon, they were'.

finally cleared in xylene. The stained. sections were observed .
mitroscopically under both normal and polacized light (Axiolab -
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Carl Zeiss, rotatable a.nalyzer +/—5°, 6x25, rotatable compcn )
sator Lambda, +/—5°, 6§ x23).

“Generation of polyclonal antisera

The presurmned mature sequences spanning residues 24—580 of
zebrafish (Danig reris) PrP-1 and residues 18-539 of zebrafish PrP-2
{sequence: data provided by Dr. Edward, Malaga-Trillo, Depars-
ment of Biology, University of Konitanz), were each amplified
Gom genomic DNA, whereas the mature sequence of gilthead sea
bream (Sparus aurata) PrP-1 spanning residues 26~475 was cloned
from plasmid DNA. All three were cloned into the pET21d DNA
vector (Novagen, San Diego, CA) to produce recombinant
proteins tagged with six histidine residues at the G-terminus.
After sequence verification by double-stranded sequencing, the
Tecombinant proteins were éxpressed in’ BL21 {DE3) E.cofi
(Stratagene, La Jolla, CA) with IPTG induction from single clone

" colonies. The recombinant proteins were purified under denatur-
ing conditions from éell lysates on Ni-NTA agarose columns
(Qiagen, Hilden, Germany) and then specifically eluted with
imidazole. The polyclonal antisera ZebPrPl, ZebPrP2 and
SaurPrPl were raised against the punﬁed zcbraﬁsh Pr¥-1,

. zebrafish PrP-2 and sea bream PrP-1 proteins respectively, by 3 )
successive subicutaneous inoculations of rabbits with 150 to 200 pg
of recombinant protcm at 4 weeks intecvals. Al pcrtme.nt sequence
data are deposited in GenBank and the accession numbers are
given at the end of the ma.nuscnpt

Affinity purification of SaurPrP1 polyclonat antiserum
- 2 aliquots containing 150 g of gilthead sea bream recombinant
-PrP-1 protein each, were loaded onto 10% polyacrylimide gels
and after SDS-PAGE, they were each electrotransferred to a
nirocelldiese or a PVDF membrane. After electrophoresis the two
membranes were stained with amido black staining solution (0. 1%)
~and the protein-containing. membrane picces were finally excised.
After a blocking step ii 50 mM Tris HCI [pH 7.4], 150 mM

NaCt, 0.05% Tween 20 (TBST} containing 5% milk, for 1 hrat

RT, each membrane piece was probed with blocking buffer
containing 500 pl of- SaurPrP]l antiserum, at 4°C overnight.
" Following several washes, the IgGs that specifically bound to PrP-
‘1,  were finally eluted from the membranes with 0.2 M
Glycine. HCL [pH 2.5], for .5 min at 4°C. Each eluate was
neutrelized with 2 M Tris HC! [pH 9.0}, and then dialyzed
. overnight at 4°C in 50 mM Tris HCl [pH 7.4], 150 mM NaC!
' (IBS), wsing 100 mm-Spectra/Por molecularporous membrane -
tubirig (Spectrum  Medical Industries, Los Angeles, USA).
Following dialysis, the purified IgGs were saturated in buffer
. containing 20 mM Tris HCI {pH 84], 150 mM. NaCl, 5 mM
. EDTA, 1% gelatin, 0.1% BSA

Depletion of recombinant gilthead sea bream PrP-1 ~ .
specific immunogliobulin fractiorn’ froni SaurPrP1
-polyclonal antiserum
SaurPrPl polyclonal antibody was diluted in phosphate

buffered saline (1:2000), containing 5% normal goat serum,
2.5% BSA and 0.05% Tween 20. The antibody was incubated
with 0.6 mM of recombinant gjlthead sea bream PrP-1 protein at
. 4°C overnight. ‘The depleted antiserum was briefly centrifuged
before use in all negative immunohistochemistry control experi-
ments. :

: lmmunohlstochemsstry
Four different polyclonal anti-PeP antibodies were e used for the

- immunohistochemical detection of the endogenous PrP protcms of .
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sea bream, namely ZebPrP1 (1:1000), ZebPzF2 (1:1000), SaurPrPl
(1:2000) and FuguPrP1 (1:500}, the latter being ralsed by our
group against PrP-{ proteiri-of, Takifiigy rubripes. The cormmercially
available monodlenal antibody, 12F10 (Gayman Chemical, Ann
Arbor, MI), raised against amine acids 142-160 of hyman PcP,
was used for the detection of residual mammalian PrP (1:200),
since it also displays crdss-reactivity with bath ovine and bovine
PrP. All paraffin sections were cut at 4 J.Im thickness. Depending
on the prion protein of interest, P:p© or PrP™, two different
pretreatment profocols were used. For PrP labeling, an antigen

-retrieval step was performed by boiling in citrate-buffered salihe

[PH 6.0] for 7 minutes before the staining procedure. For PrP>
detection, the sections were hydrated-autoclaved at 121°C for 30
minutes, then incubated for 5 mindtes in 90% formic acid prior to -
an B minutes-incubation with proteivase K (Dako, Glostrup,
Denmark) at RT. Scctions werc treated with appropriate
biotinylated ‘secondary antibodics (Vector Laboratorics, Burlin-
game, CA) and visualized using the avidin-biotin method-based
Vectastain Elite ABC and the Diaminobezidine substrate kits
{Vector Laboratories, Burlingame, CA) according to the manu-
facturer's instructions. Negative controls for immunohistochemis-

try involved omitting the primary antibody. Staining .with . o

polyclonal {anti 14-3-38, Santa Cruz, California, USA} and
monoclonal antibodies {12F10, 6H4) raised against proteins of
mammalian origin was also performed. The mouse anti-tubulin
moneclonal antibody (Abcam, Cambridge, UK) and the mono-
clonal’ SAF84 antibody (raised against SAF preparation. from
infected hamster brain, assumed epitape 126-164) were used as -
well.

PrP% enrichment and Westem blot analysis

Western blot analysis-of potentially enriched mammalian and .
teleast PrP** was performed on brain hemogenates fom BSE-
infected cows, scrapietinfected sheep, and TSE-challenged fish.
Briefly, aliquots of 1% (w/v) brain homogenate were digested for
1 br at 37°C with proteinase K. at 25 pg/ml for sheep, 30 ng/ ml

_for cow and 0,1-10 pg/mi for sea bream. PMSF (5 mM) was

added to stop.the protease digestion and PrP™ was precipitated
with NaCl (10%) {w/v). The pellet was washed with 25 M Tris

* HCl [pH 8.8) containing 0.05% sarkosyl and then resuspended in’

an appropriate volume of 2.5X .O’Farcell buffer for gel
electraphoresis. :
For western blot analysis, untreated znd proteinase K treated
brain homogenates were analyzed by SDS-PAGE ‘on 12%
polyacrylamide gels and -the scparated proteins were then
transferred onto PVDF membranes. After blacking with phos-
phate buftered saline containing 0.1% Tween 20 (PBST) and 5% -

- milk, the immunoblots were probed with the fish-PiP specific

polyclonal antisera, ‘ZebPrPl (1:10000), ZebPrP2 (1:35000),
SaurPcP1 (1:20000), FuguPrPl (1:20000), and the monoclenal

. antibody 684 (1:5000) (Prionics; Zurich, Switzerland) overnight at

4°C. After washing, they were incubated for 1 br with either
alkaline-phosphatase or horseradish-peroxidase conjugated sec-
ondary goat anfi-rabbit or anti-mouse antibodies {Pierce, Rock-
ford, IL} diluted 1:10000 in PBST. The-blats were developed using
the CDP-Star chemiluminescent substrate (INE Biolabs, Beverly,
MA), or the ECL Western blotting Substrate {Fierce, Rockford,
IL}, dépending on the secondary a,rmbody and accordmg to the
manufacturer’s instructions.

: GenBank Accessmn Numbers

Dani rerio prion protein 1 coding sequuence: AY438683
Da.mo‘mno prion protein I: AAS00159 -
Danio rero prion protein 2 coding sequence: AY438684
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Danio rerio prion protein 2: AAS00160
Sparus aurata prion protein 1 coding sequence: ABBS0540

Supporting Information

Table S1 Percentage amino acid sequence homology between
prion proteins of different species. Full sequences weré aligned.
The NCBI accession numbers of sequence data are: Homo sapien
{human), AAC78725; Bos Taurus {cow), AAT}19998; Ovis anies
{sheep), CAE00188; Mus musculus {mouse), AAH06703; Meso-
cricetus auratus (hamster), AAA37092; Takifugu rubripes {fugu),
AAN38988; Danio rerio (zébrafish} prien protein 1, AAS00159;
Danio rerio prion protein 2, AAS00160; Sparus aurata (gilthead
sea bream) prion protein 1, ABB90540. Sequence alignments were
performed by ALIGN (versmn 2, Myers and Milter, CABIOS
{1989) 4:11-17),

 Found at: doi:10. IS?l/Joumal ponc :0006175.5001 (0.09 MB TI_F)

Table §2 Cumulative tecord of the number of fish maintained.

post challenge. A, Fish inoculated with either scrapie- or normal

* ovine brain homagenate. B, Fish inoculated with elther BSE- or

nommal bovine brain homogenate.

. Found at doi:10.1371/joumnal.pone.0006175.5002 (0 04 MB
- DOC)

Table §3 Curnulative record of brain tissue samples examined,
A BSE-challengcd and bovine contrel fish samples. B, Sraple—-
- challenged and ovine control fish samples. g

Found at: doi:10.1371/joumnal.pone.0006175:5003 {0.14 MB
DOC)

Table 54 Cytoanatomical analysis of brains from BSE-thal-
. lenged fish sacrificed 24 months.post challénge. The deposits have
been classified inte 2 momphological categories. F, ﬁbrillary,
>10 pm in diameter; NF, pon fibllary, circular<10 pm in

TSE Transmission to Sea Bream

without proteinase K digestion. A, SaurPrP1 (1:2000); B, ZebP:P2
{1:2000%;, G, Pre-immune serum from the rabbit in which
SaurPrP| was raised (1:2000); D, PrP-specific immunoglobulin-
depleted SaurPrP1 (1:2000). Arrowheads indicate the existence (A,
B) or absence {C, D} of PrP-immunopositivity,. SGP, striatum
griseurn periventriculare; SFP, striatum fibrosum profundum;
SGC, striatum griseum centrale; SPFE, striatum plexiforme et
fibrosum externurm; SFM, striatum fibrosum- marginale; ML,
malecular layer of the valvula cerebelli; GL, granular layer of the
valvula cerebelli. Scale bars, 100 pm.

Found at: doi:10.1371/journal.pone.0006175.5006 (8.23 MB TIF)

Figure 33 Temporal observation of the brains from control fish
challenged with normal ovine brain homogenate Sagittal brain

- sections taken at 12 and 24 months p.i. from fish challenged with

-diameter. Plus and ‘minus symbols indicate the abundance of -

- deposiis: ~, 0; +, 1-5; ++, 6-15; +++, 16-50, +i++, >50. NP,
anatomical ré'gion not present'invstction;_Mol L, molecular layer;
Gran L, granular layer; WM, white matter; Cx, -cortex; Ce,
cerebellumy; Ve, valvula cérebelli; Tel, telencephalon;. Di; dmn—
cephalon; OT, optic tectum; Br. st., brain stem.  ~

Found at: doi:10.1371/journal.pone.0006175.5004 (0.13 MB TIF)

Figure 81 Comparison of antibody specificities for the PrPs of
- pgilthead sea bream, cow and sheep by western blot analysis.. A,

Five 0.4 mg brain equivalent-aliquots of gilthcad sea bream brain -

" homogenate were loaded onto 2 12% SDS-PAGE gel B,
Alternating lanes of a 12% SDS-PAGE gel were loaded w1th
3 mg tissue equwa.lents ‘of PrPSc-enriched {sec Materials and
Methods) bovine BSE brain homogenate (lanes 1, 3, 5, 7 & %) and
-ovine scrapie brain homogenate (lanes 2, 4, 6, 8 & 10). The.
electrophoretically separated -proteins were transferred to PVDF
-membranes that were cut into four sections (in B, each section
included two adjacent lanes). Each section was stained with one of
. five primary antibodies: 6H4 {1:5000; lanes Al, B1, B2); FuguPrP]
{1:20000; Janes A2, B3, B4); ZebPrPi (1:10000; lanes A3, B5, B6);
ZcbPrP2 (1:35000; lanes A4,
A5, B9, Bl0). Afier incubation with the appropriate “alkaline-

- . phosphatase-conjugated secondary antibody, - the blots were

developed with the CIDP-Star reagent. The arrow heads indicate

" the positions, of the molecular mass markers: A, 62 kDa and

."47.5 kDa; B, 32.5 kDa.
*  Found at: doi:10.1371/journal pone.0006175.5005 (0.28 MB TIP)

Figure 52 Antibody specﬁcxty in IHC. Sagittal, 4 |Lmlluck
serial brain secfions from coritrol gilthead sea bream were ireated
immunohistochemically with four differsnt primary antibodies,

:@ PLoS ONE | M.p!qmne.org .

normal ovine brain homogenate were staimed with H&E (A, D), or
immunolabeled with SaurPrP1 (1:2000) without PK—dlgeshon (B,
E) and with PK-digestion {C, F). Images show diencephalon. The
mean number of deposits {per section -of fish containing dcposns)
observed in different brain regions without PK-treatment is
indicated by the fill-type in the schematic drawings at the far
left.” Abbreviations as in Figure 2 of the main manuseript. The
following areas were not examined: OB; OIN; OG; P. Rectangles
indicate areas of magnification shown in the panels direetly below,
Scale bars, 100 pm.

Found at: doi:10.1371/journal.pone 0006175.5007 (3.00 MB TIF)

Figure 84 Temporal observation of the brains from.control fish
challenged with normal bovine brain homogcnatc Sagittal brain
sections taken at the indicated timepoints p.i. from fish challenged
with normal bovine brain homogenate were stained with H&E (A,
D, G), or immunolabeled with SaurPrP1 (1:2000) without PK-
digestion (B, E, H) and with PK-digestion (C, F, I}. Images show

_diencephalon. The mean number of deposits (per section of fish

containing deposits) cbserved in different brain regions without
PK-treatment is_indicated by. the fill-type in the schematic
drawings at the far Jeft. Abbreviations as in Figure 2 of the main .
manuscript. The following areas were-not examined: OB; OIN;
OC; P. Rectangles indicate areas of magnification shown in the
panels directly below. Scale bars, 100 jtm.

Found at; doi10:1371/journal pone.0006175.5008 (4.48 MB TTF)

\F!gu.re 85 Sensitivity to proteinase K treatment of' TSE-
-challenged sea bream brain tissues 24 months p.i. After a short -

purification treatment, 0.4 mg brain equivalents from brain
homogenates of either scrapie- (lanes 1, 3, 5 & 7) or BSE- .
challenged (lanes 2, 4, 6 & 8) fish, were digested with increasing
proteinase K. concengrations (0 fig/ml, lanes 1 & 2; 0.1 pug/ml,
lanes 3 & 4; 1 pg/ml, lanes 5 & 6; 10 ptg/ml, lanes 7 & 8) for 1 hr
at 37°C. The samples were analyzed on a 12% SDS-PAGE gel,
then electrotransferred onto 2 PVDF membrane and probed with

- SaurPrP1 polyclonal antibody (1:20000). After incubation with the

B7, B8); SaucPrPl (1:20000; laries

appropriate secondary antibody,. the immunoblots were finally
developed with the ECL western blotting substrate. Arrowhead

"47.5 kDa.

Found at: doi:10.1371/journal. pone.0006175.5009 {0.27 MB TIF)

Text §1 Statistical analysis of data derived from the scrapie -
challenged group.

Found, at: doi:10. l?;'li/_}Oumal pone.00061755010 {0 02 M.B
DOCG)
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Report to the Board of Directors: C.uri"e__nt_ Status of TSEs and Transfusion Safety

Executive Sumimary:

There continues to be concern about transmission of variant Creutzfeldt Jakob disease (vCJD) by blood transfusion, with
atotal of 4 reported cases, plus.a potential case of transmission of the prion via a UK-derived plasma derivative, known fo
have contained potentie[!y infectious donations. Some infections {but no disease) have been found ameng individuals
who are not homozygous for MM at the 129 codonh of the PRP gene, raising concern about a possible second wave of.
disease and an expanded group of polential carriers. - There has been no published. progress in blood donor testing
technologies. One method for prion removal from red cell concentrates has been evaluated by authorities in the UK and
Ireland.

" Information about transfusion transmitted infectivity: .

There have now been a total of four cases of transmission of the vCJD prion by transfusion of bloed collected from three ' -
- “donors who subsequently developed vCJD. Three of the cases resuited in the development of vCJD in the recipient, while

one was detected in the spieen and one lymph node of a transfused patient who died of other causes. This individual had -
no symptoms of vCJD (1, 2). Interestingly, he was found to be (MV) heterozygous at codon 129 of the PrP gene. The

potential Stgnlﬁcance of infection among non MM genotypes is discussed briefly below. ‘More recently, evidence of

pathologic vCJD prions was found in a hemophlhc recipient of F VIIl concentrates known to have included plasma from a

donor who subsequently.developed vCJD (3). Again, the recipient patient was free of vCJD symptoms Modeling studies

imply that the infection was most likely to have come from the plasma produgts (4),

. ln a paper publlshed in Transfusmn Amencan Red Cross authors reported on the absence of evidence of transmissmn of
classic CJD from donors who subsequently developed the disease. The study involved lookback on 436 recipients of
" donations from a total of 36 donors who developed the disease subsequent to their donation, finding no cases of CJD
among the recipients. A subset of recipients with exposure histories comparable to the UK cohort of patients exposed to
vCJD was shown to be at lower risk of developing CJD: a statistically signifi cant (p = 0.012) observation.. This suppods
the absence of infectivity of classic CJD.via transfusion (5}. ‘

- Risk modeling for recipients of plasma der_ivatives in the US:

. As aresult of the finding of the vCJD prionina hemophllla patient (descnbed above) and lhe ﬁndlngs of vCJD prions
'.among non MM individuals, the US FDA has revised its model of the vCJD transmission risk for recipients of US-derived

" plasma derivatives. The new models were presented at a meeting of the Transmissible Sponglform Encephalopathies
Advisory Committee in June, 2009. Although the lowest estimated annual per-person risk has risen 5 to 18-fold, it may '
still be as low as 1 in 12 million and the maximal estimated risk remains unchanged at 1:12 000 the FDA still regards *
the risk to US patients to be “extremely small”, ) -

Implications of findings of vCJD prions in non MM individuals:

) There are several vanatlons at codon 129 of the human PrP gene, resuliing in 3 main genotypes MM MV and W where
M signifies methionine and V, valine. To date, all symptomatic cases of vCJD who have been evaluated have been MM
homozygous at the 129 codon: Approximately 40% of the UK population has this genotype. However, there have been a
number of circumstances (some described above) in which the pathologic prion has been found in asympfomatic
individuals with the MV or VV genolype. This has raised two questions. The firstis whether there will be a “setond
wave” of vCJD among individuals with a non MM genotype, perhaps resulting from a much extended incubation pen‘od
Second is the question of whether non MM individuals can be infectious carriers of the vCJD prion. This latter concern

vwas |ncluded in the newer FDA infectivity model- for US~denved plasma derivatives. Both questions awalt resolution.

" Status of intervention_s -against transfusion transmission of TSEs:

‘No significant progress has béen reported in the development of any pre-morter test that could be Ause'd"fo.r blood donors
or donaﬁeris, aithough one of the tests under d_eve[opment has undergone some preliminary cliﬁical evaluatation.

- Currently, one manufacturer has an available, CE-marked affinity filter intended for use with leukoreduced red-ce[l
“concentrates. The procedure has been evaluated in the UK and- Ireland but no decision has been made with respect to .

) o 112 - o
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its lmplementatlon ‘A process has also been developed forusein the manufacture of so!vent—deiergent trealed plasma for

‘fransfusion.
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AVaccin,es, Blood & Biol‘ogics

Potentlal vCJD RlSk From US Llcensed Plasma- Denved
Factor VIl (pdFVIIl, AntlhemOphlllc Factor) Products
Summary Information, Key Points

Sum'mary. Information -
Key Points':

e In recent years, questlons have been ralsed concernlng the nsk of vanant
- .- .Creutzfeldt-Jakoh disease (vC3ID) (a rare but fatal brain- 1nfect|on) Yo O
-+ . shemophilia A'and von Willebrand. disease: patients who receive US I:censed .'
.. -.plasma-derived Factor Eight. (deVIII Antihemophthc Factor) products L
-+ Based on arisk-assessment, the US Public Health Service (PHS), mcludmg_
. FDA, -CDC, and NIH, believes that the tisk of vCID to -hemophilia Aand =~ -
. - von: Wllfebrand disease patients who receive US: licensed pdFVIIL products o
. ..is ' most likely to be-: extremely small, although we do-not know therisk
with certainty. vCID risk from other:. plasma- derived products mcludlng
. Factor IX, is. llkely to-be-as small or smaller .
e ‘Contacting. a-specialist in: hemophlha orvon- Wlllebrand dlsease at a
- Hemophilia Treatment Center is- a. good way to. learn about new’, e
- mformatlon as it becomes available R e

. '- |55

Addltlonal Informatlon

« Between December 2003 and Apnl 2007 there have been four reports of
- ~péople; allin thé UK, who- probably acquired the vCID agent through red
- _.blood cell transfusmns “This has mcreased concern about the potentlal
transmission of VCID’ by blood products SR T el
. Prmc:pal concerns are whether péersons :nfected W|th vCJD could donate .
.. 7 “-plasmain-the U.S.,“and whether clotting’ factor products made from thenr :
N plasma donations: mlght transmit the disease.: :
& To address these-conceras FDA fecomimends’ the deferral of donors who
-~ may‘have lived in'or traveléd-extensivelyto: ‘countries witha- hlgher .
; prevalence of vCID and bovme SpO nglform encephalopathy (BSE) than in
- the U.S. - ‘
- In theUnited States deVIII products have not been made from- the
o plasma of anyone known to have developed vCID, ‘and" no-one who _
received any ‘of these products is kinown to have developed vCID: :
" e FDA conducted a risk-d@ssessment for deVIII because the plasma: fractlon
¢~ from which it is made is likely to contain more of the vCID: infectious - N
. " agent, if present than plasma fractions: from which: other plasma- derlved o
- products @re’ made;’ such as Factor iX, (used to{reat hemOphrlza B), | .-
o+ alBuming-and-immitne’ globullns The FVIH- contammg fraction’is further T
T _processed usmg a varlety of methods that are lnkely to reduce or e
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Poteritia] VCJD Risk From [lS Licensed Plasma—Derived Factor VI... http:/ [www.fda.gov/ Biolo‘gicsBloodVéccines/Saf‘etyAvajlability/ B...

" potentially efiminate vCID from the final pdEVIII product. Methods likely:

to reduce or potentially eliminate vCID are also used in the manufacture
of other plasma-derived products. ~

FDA, CDC, and NIH are not aware of any cases of vCID having been.
reported worldwide in patients with-hemophilia, voit- Willebrand disease, .
or other blood clotting disorders. This includes those who have received,

- over a long period of time, large amounts of blood clotting factor products.

manufactured from plasma.donations from the UK where the risk of vCID
is highest because of a previous higher risk of potentlal exposure to BSE-

-infected beef in the UK diet.

The FDA has taken a numbeér of steps to further reduce the potential VCJD,
risk from blood components. These steps include donor deferral
recommendations, and quarantine and withdrawal of products at.’

- increased. vCID nsk Donor deferral guidance, first issued in August 1999 )

.- and subsequently updated,.includes, among other things, deferral of .

“donors who .visited: or resided in- Europe where BSE prevalence is- hlgher L
- -than in the US. Also, blood: components and plasma derivatives'areto be =~ -
.. withdrawnifa. donor is later diagnosed: with ¥CID.:The potential spread of %} .
anyvCID through red blood celi or plasma-transfusion'is llmlted by these ' ;' =
- wideferrat-and quarantine measures-that are.in- place '
‘Additional steps FDA is taking to: reduce potential vCiD' nsk from plasma
defivatives include gather:ng, .evaluatlng, and-disseminating:information .
1 about manufacturing processes’ that potentially could reduce: the vCJD
- infectious ‘agent in blood-products;-FDA'is helping:to. develop donor
. screening and: dlagnostlc tests for vClD, and to- mform patlents and
-~ physiciansg about: the current screntlf“c understandmg of vCJD rtsk from
" blood products.-
Using a. computer model FDA assessed the potentral l‘lSk of vCJD
~‘infection from the current.use of deVIII products However, because so
. -much is unknown about vCID and.its prevalence, therisk. assessment
'_-_g.-;__',_.-}performed by FDA has.alot of. uncertalnty, making. it. 1mpossuble to”
.. precisely estimate, the rlsk of vCID.in.géneral, or of the actual risk to
. individual: hemophllla A or von. Wlllebrand disease patients. Meanmgful o
distinctions also could not be-made among specific products. There is- ng' %’.}_’gﬁf% i
.-.-. - test yet available to detect vCID infection in healthy.donors or recnplents -
;. -®-Although the risk of vGID exposure. from US. PAFVIII products is:most +
_likely to be extréemely small it may. not be zerg, and FDA-is encouraglng
' _physacrans -and. patlents to. consider. thlS risk; in the context. of-all .

remairiing . real oF- potentlal nsks and the known beneflts -of product use;

-when ‘making treatment decus:ons L
-At this time, the PHS does not: belteve there isa need for hemophllla A
J-and von Willebrand. disease- patients ' who receive pdFVIII-to inform thelr

surgeons or dentlsts about their, potentlal exposure to vCID. Also,: there is '

.- ho recommendatlon fof surgeons and dentlsts to take.any: special-. .
PR precautlons based on such: potentlal exposures.-This belief is based on:’
' '.-_;-the results of: the FDA risk assessment,.as well-as.on: the Iack of known S
... .. CaSes of vClD transmltted by plasma derwed clotting:- factor products m ]
._:_-the UK. or. anywhere else in'the: world. PHS. -agencies will continue fo."
4 - monitor-and; reevaluate the sntuatlon as new. mformatlon becomes
. avallable; R Ry SRR
T vCJD onglnally came. from a dlsease m cattle called “mad cow dlsease” or s o
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" . BSE (bovine spongiform encephalopathy) Transmzssnon of the BSE agent .
: to humans, leading to vC3D, is believed to occur prlmarlly from eating
beef and beef products contaminated with the BSE agent. Both BSE and
..vCID are invariably fatal, bram diseases wuth incubation penods typically
~ measured in years.
e From 1995 through April 2007 202 mdw:duals wnth vClD were reported
- worldwide, with 165 in the Umted Kingdom (UK), and three in the United
States. Two of the individuals in the United States had lived in the UK
from 1980-1996 during a key exposure period to the BSE agent. The third
- US individual with vCID most likely acquired the disease in Saudi Arabia.
‘The reported incidence of vCID in.the UK based on disease onset peaked
in 1999 and has been declining thereafter. In the UK, where most cases
of vCID have occurred, the current risk of acquiring vCID. from eatlng
. beef and beef products appears to be negligible. _ :
' & More information about vCID is available on these government web5|tes

o FDA: Potential Risk ofVar:ant Creutzfeldt—Jakob Disease (VCJD) .
From ‘Plasma-Derived Products '
"o Centers for Disease Contiol and’ Preventlon vCJD (Vanant

Creutzfeldt—]akob Disease) .
"o US Depar_t,ment of Agriculture

. Informat:on also may be obtained from these non- government sources

.0 Commlttee of Ten Thousand :
o Hemopbhilia Federation. of America .
~ o National Hémophilia Foundation: and/or HANDI
.o World Federation of Hemophlha

Contact Us

« (800) 835 4709 |
K (3_0_1) 827- 1_8_00 o

- . Consumer Affairs Branch (CBER) . T | i
‘-:DIVISIOI'I of Commumcahon and- Consumer Affa:rs.
_“_Oﬁ'“ce of Commumcatlon Outreach and Development

‘Food and Drug Admmistratlon ' C
- l1401 Rockville Pike _

‘Suite 200N/HFM-47

Rockville, MD 20852-1448
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Variant Creutzfeldt—]akob disease and exposure to

‘fractmnated plasma products

H. 1. T. Ward,! 5. M. MacKenzie,' €. A. Uevelyn,” . S. 6. Knight, P. E. Hewitt,® N. Connar® A. Molesworth® & R. G. Wilt’
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an e Backgraund - The 1isk to public health of onward wansmission of variant Creutzfeldt-
; Jakob discase {vCJD} via blood transfusion and plasma product administration is of
an-going concern, particularly with the recent reported deteciien of abnonnal prien
protein in 2 person with haemophilia.

Objectives To describe the history of Fract!onated Pasma product exposum in clinical
cases of vCID in the UK.

Mcthods Through examination of records held at the Nanona[ €D Surveitlance Unii
{from relguves, general practices and hospitals).

< Results Nineoutof 168 UK v(JD cases had a history of meeipt of fracticnated plasina
* products on 12 different-occasions {1 pre-vCID risk in 1970, the remaining between
© 1989-1998). According to the UK CID Incident Panel risk assessment criteria, 11 were -
low-risk productsand one' waslowormedium risk.

.Conclusion Tt is unlikely that any of the UK vCID clinical cases to date were infected

Recefved: 26 April 2005, through exposure to fractionated plasma products, However, the possibility that such

' _published online 18 dunc 2009

revised 12 May 2005,
accepted 20 Moy 2009,

transmission may result in vCID cases in the future cannot be excluded.
‘Key words: {ractionated plasma products, public health, transfusion, vCID.

. Introduction

The risk ofonward fransmission of variant Creutzfeldt--Jakob .

disease (vCJD). via blood transfusion and plasma product
administration is of an-going concern. This has been high-

lighted by the recent announcement by the UK's Health.
'Frmectlon Agency of the post-mortem hading of abnormal
prion protein in the spleen of 2 patient with haemophilia who
' died from a'cause earelated to vCID [1}. This individual had

received UK-sourced fractionated plasma products before
1399, when safety measures were put in place in relation to
vCID, including Importation of plasma, mainly from the USA,
.o manufacture plasma products. There has been no previous

Coreespandenee; Hester Ward, Hational TI0 Surveilfance Uniz, University of .
Edinburgh, Westom Generzl Hospital, Edinburgh Eris 230, UK
E-mail: hward@edaguk '

-documentation suggesting transmission of any type of CJD°

by fractionated plasma products. On the other hand, variant
CID has been shown 16 be ransmissible via biood component
tiansfysion, with four instances of transfusion-iransmitted

- vCJD infection to date associared with non-lewcodepleted red.

cells[2-5].

Laboratory studies in animal mode]s have shown thati -
infectivity may be present in plasma’ "both during clinical

illness and in the incubation period [6). Although there is
experimental evidence that significant infectivity may he
cleared during the production process for fractionated plasma
products {7], there are doubts about the interpretation of studies
that have been largely based on spiking of plasma with brain-
derived material rather than endogenons infectiviry {8). In

addition, there are. varietiés of manufacturing processes used

in production of plasuta products. These findings have drawn
attention o the tmponant public” health implications Gf
potential secondary transmissior of vCID
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In addition te recipients of vCID-implicated labile blood
components, more than 4000 UK-sourced plasma product
recipienss have been classified and notified hy the UK CJD
Incidents Pancl as “af risk for public health purpases’, in part

" on the basis of a risk assessment [9]. [n 2004, the UK CID
[ncidents Panel advised that patients who were treated with
{UK-sourced fractionated plasma pfoducts between 1980 and
2001. and who were exposed 1o a 1% 1isk of infection in
addition to the hackground risk of the UK population through
diet, should he Tontacted and advised to take public health

i precautions. Fractionated plasma products were categorized

into three groups according to the numberof treatrnents that
were likely to result in a patien: reaching this risk threshold;
high risk {one treatment with factor VIII, factor [X or anti-
thrombinl, medicm risk {several infusions of Intravenous
immunogiobulin or 4-58% albumin) and low risk [mcramus—
cular immunoglobulins or 20% albumin) {1, personal com-
munication]. An exercise was undertaken Lo trace recipients,
estimate individual risk and inform all thosewho reached this
threshold that they weve “at risk of vCID for puhlic health
purposes”, “The amount of potential infectivity inthe low-risi
mtegorg} wus estimated 1o be so small that the likeiihood
of surpassing the threshold was extremely unlikely and so
individual recipicatsdid notneed tobetraced or notified.
" Data from actual cascs of vCID are important in attempting
" to determine the potential risk from fractionated plasma
products. This paper deseribes a numbet of UK vCID cases
reporied to have recéived such products before the onset of
" illness. The characteristics of the specific plasma products
involved suggest that these exposures are most unkikely to
have been the source of vCID in these cases.

* Table 1 Vaciant CJD clinical vases repoited 1o have recelved plasma products

Methods

The UK Nauonal CJD Survnllance Unit (NCIDSU) routinely .
collects information on potential risk factors for afl cases of
vCJID) referred ta the unit [10], including dats on blood trans-
fusion, plasma product administration. vaccination and
‘injection” histories. The information is ohtained from inter-
views with relatives of cuses and. when available, primary
care and hosp:ia] records. Where possible. batch nkmbers of
fractionated plasma products were obtained for vCJD cases
found to have received such products and compared with
the list of product batches derived from plasma donated by
individuals who jater went oo to deveiop'ijb. Eleven of the
168 cases of vOID referred to the NCIDSU up to end of March
2009 are known to have made 25 plasma donations which
had been used to manufacture 191 batches of fractionated

* products, prior to she UK importing plasma from abroad in

1999.

‘Results

To examine whether any of the 168 vCJD cases had received
fractionated plasma prodicts, we cxamined records held- at
NCIDSU. One thunded and fifty-vight had data available
from relatives and general practicefhospilal records, seven
from relatives only, twa from general practice récords only
and in-one case there was minimal information available
{this patient was investigated in another country).

Nine cuses of vCiD, with onset of symploms between
December 1594 and April 2006, had recorded receipt of
fractionated plasma products on 12 occasions {Table 1). Five

] Year.clinicel Batch rgu‘ruber known (ctuntry
+CI0 case Plasma product - Yeor given onsct of vCID of plastma origin, if knowa)
1. - Human normat imetenoeglobulin® I 1990 1994 ¥ {non-UK)
fgammiaglobutin for travel}
2 Rh[D} immunoglobulin® 1997 1935 X
' Human pormal immunoglobugin® 1383 ¥ {ron-UK)
{gammagiobulin for travel) ' '
3 © RA(D| mmunogiobulin® - 1001 1896 Y
> . Atbumin 1983 1998 - o
Ru(D} immenoglobutin® 1989 1998° x
RRED; intmunoglabustin® 1993 YR
BhiD} immunoglobutin® 1998 x .
8 ' Humaa nermal immunoeglabulin® 1903 1935 ‘/{nun-l]l(_l
{zammaglobusin for travel] :
Human normal immunoglobutin® {for travel) " 1em 2000 vk
RhID} immunoglobutin® 1976° 2001 . x
RhiD) :mmunoglobuhn 1997 2006, - - X
Administered intramuscularly: Yoefore the considered start of the vCID'at risk period in 1980,
© 2009 The Authorfs)

Journa! compilation © 2003 !nlcrnatmnd‘ Society Gfﬂiood Tra.nsﬁman Vor Sanguiris (2002) 97, 207-210
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cases had received Rh(D] immunaglohulin to proted against

Rhisoimmunization, four in childbinb {on six occasions)and
one {case 9, Table 1) with recelpt of fresh frozen plasma.
Before travel, four cases had received normal heman immu-
noglobulin for intramuscular use {three gammaglobulin, onc
human normal imminoglebulin, including one case {case 2,
Table 1) who had recetved Rh{D} irﬁmunoglobuiin previously.
" The remaining.case was given albumin (anknowri concenira-
tion) for “cover' during a paracentesis procedure. One of the
inc cases received Ru(D) immunoglobulin in 1970 hefore
the considered start of the vCJID at tisk period (1980) and
the other eighi received products between 1989 and 199,
Batch nuimmbers were available foe otily two of the seven
Rh(D] irmunegiobulin products, which indicated the UK as
. origin of the plasma in these two cases. However; batch numbers

were available for all four intramuscular human normal -

immunoglobulin/gammaglobulin products and one of ihese
. was of UK origin. The albumin barch number was not
recorded, No batch numher matched any others, nor did the
batch numbers match any of those from producis known 1o
have induded plasma denated’ fram individuals who sub-

&

sequenty went anta develop vCID.

" Discussion

* Of the nige vCID patients who had reccived fractionated

plabma producis, the batch numbers of the plasma products,
where known, did not correlate with any of the batches

_ derived, from pools conluining a donation from a person -

who went on ta develop vCID. Eight had réceived products
considered by the UK CJO Incidents Panel as Inw risk and one
’ p_e'rsox{ had. received a low-fraedivm-risk product falbumin
of unknown concentration]. 1 s, therefore, unlikely that

" administation of plasma product was the source of vCID .

‘Infectlonin these cascs. ]
" Thirty-two of the 74 femate vEII cases had children and,
af these, four (13%) were reported to have recelved Rh(D)
. iencounoglobulin. fn the UK, 17% of all women are RhD

negative. Approximately 10% of all UK pregnancies arein . -

. ‘RhD negative mothess bearing RhD positive babies, and these
women should alt receive routine Rh{D) immunoglobulin after
deiverviitl. Although lessTikely now, in the past RHD negative
wornen may have been given Ri{D}immunoglobulin witheut
the blood group of the baby bemg known, resulting in more
'_th:m 10% receiving Rh{D) 1mmunoglnbuhn However, the
median age at death in vCJD is anly 28 years and the propoiion
of women with vCJD who received Rh{D) imrminoglobulin is
comparableio the Jikely exposure rie inthe general population.
The lack of evidence of transinission of vCJD through
fractionated plasma products assumes that accurate and

- thorgugh information has been oblained on relevant expo-~

.sure [10}. Information swas available from relatives, hospital

‘notes at the time of admission for the tetminal liness and

© 2069 The Author{s)

from primary care recards in 158 of the 168 cases included in
this analysis. In this group, it is uniikely that any- plasma
product exposure was missed and, in particular, itis unlikely
that h;gher—rlsk exposures involving long-ferm treatment,
with plasma products, such as treatment of haemonhmd,
were undetected. This is prohably also true for the seven cases

"in which information from relatives was the only source of

data an past exposures, Howevcr, it is possible that prior
treatment, for example with albumin or intravenous
immunoglohulin, could have heen missed and it was only
possible to identify batch numbers in half of plasma products
identified as having been used in vCID cases. There is also
the possibility that infection via plasma produets mightresult

‘it a protracted incubation period brrause of the relatively

lovw: dose cxposure and that cases of vCID infected through

«thismechanism have yet to occur.

in conclusion, it is unlikely that any of the UK vCID
clinical cases to date were Infected through exposure to frac-
tionated plasma products. However, the passibility that such
transmission may resull in vCJD cases in the Riture cafihot

beexcluded.
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